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ALLOY STEEL 
Fig, 1-38 FLY 


YIELD PotnT 7%) SA 


YIELD STREXGTH 450 M1P> 
UPPER YIELD PO/WT 

LOWER YiEtO PoswT 

MeCDYULYS OF RESIA/ENCE 

ULTIMATE TEvs/ce STRELXGTY 


STRAIM AT FRACTURE 


PER CENT ELONGATION 


STRUCTURAL STEEL 
Fle. LS 


280 “Pe 
266 MP5 
0.1855 MP3 
47° MPa 
0.26 


26% 


t. Peane Sections MoRMAL 70 THE AXIS OF THE ROD RETAIL 
PLAVE GCNDER APPLICATION OF FAKE LOAD. 

2. SWEAR STRAIVS VARY LIKEARLY preom THE 
AONG/TUDINAL AxXlsS, 

3S. Alaowels LAY! APPLIZS 


assume: 


o 
Eqvureigrium: & M, PTs) e 
T= fS e7/A (2) | 


COMPATIBILITY: 
Tmax 
=e & 
map 8) 
Hooke’s 4aw: 
T=GB ©) 
tNte &) ff THEN Ch) iwTe (2) 


Titi j, ¢ z/A 


sum ¢c) 


T= 


FROM GEOMETRY OF DELORMAT: or. 


(2) 


” a rg 


= : = EF 
%. " Tid Z 4 x= ZL 
F= ine J > T= { kha 


sue (#) ¢ (e) wT Ce) 
He . 6(f) 
Ta. 


= ST 


Ov Surerace 


(of) 


AT Any e 


Assume: 1. Fuawé sections woltmA. To THE AXIS OF THE GAT 
REMAID PLAKE UNDER APPLICATION SF THE LOAD. 


2. Hoeke’s LAW APPLES, 


Eg vitimRriin: Hooke s Law: 
P=o7 A (a) g =E€& (©) 
Coetyueiry: L Geom erry 
AL= [Pe & () AG) = b-2(x-4)) Ch 


sua (dé) ite (a) 

g = Efi h4-X(h-a)] (©) 
sua, (ce) #(e) wre (a): 

abe (EL d- xX(oh-of))] Le 


5 PE ee ‘ 
AL: el L-Ma) * 


| 


Rees: A,« aE is*) = 706.9 mm* | sve (c) mre (8): 
Fire: Ap = % (100-9) =/992 mm | Ly =/232kN (of) 


| 
Qrrem ASsEeMBLY: Ty =Cp= (63) =2GOKW sus (ce) €§ (of) sw7o (a) 


g.= eee | 


706-2 


Tpz peclag = -/74,3 MPs 


367.? MP, 


“ 


Pt 60.23 MP3 
eee 


123209 
OR = ~“Fs69q = /74.3MPa 


AFTER PRESSURE [S APPLIED: 


ge (Fiwar) 2 372./ MP3 


EgviiiBsRitem 7 
PFI) = BT +4G (2) 


Ate? . AGek 
= * ————— $ 
Aly bi: Gree Se W 


LEAKAGE REGUIREMEPT? 


| 

| 

| 

| 

| 

| 

ComPa TIE eI Tz | 
| 

| 
ACpz260kNV (c) | 
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O Myee a thee maa 


Fa: b ahs tly g 
lo. 2 Lonoun fee foiut h. ca 


pre hoby diagram. of focat t 


P= P+, (A [+ & 
By keg . (1.2) and Figs. a. avd b, EAs A ba,A, ! 


L, Lo 
$a = Ee + Ble Q) be be 


Eg ha Figure @ 
By Eye.) “mad by, 


f= REsAcle (PR(EApLy) = steel 
Ea A, Ls Eaqha Lis p aloe om 
Slee Ahety egecary fr E, we purd) . 
PEsAsba rel) , — 
fe = E As fata AgL. Hever, 7 pl L), 


Ge —_ ai (fsts-a 
SaAEAL, 


Sam cbary 4 &9a. @) and), 
Pe _ R Ea fa Ls - _ (P-BY(E Aas) 


Es A. La EAs La 
= PEaAals 
EAL tEghals 


(Fahels _ 
(a= A pL reds) 
a 7 Cs TER 


(b) When thy Rept will 14 Dreplaceh Tp the 
duaplacdd 1 Hy Meght ty an amoet St 
(Fig. ¢)- 

By F¢.([.2) and Fig-c, 


A 
Sp = a @ t}— bs ——L 4 
§ 


Steel Aluming 


ota, Ss 
ond FL ——— 
_ = S 
§ d, rae (b) F A 
Figure C 


_¢ Fls_) _ be a bs 
§- Sp TE Ae _ FER es) 


pS Ente Eh 
E,A, Lath Aals 
Howe, by EGC), thy aticee sin My diol ben a4 
Jz FL S Eg heals 
Ts ER EAL 
sAslat E,Ayls 


Gg. = FF = SEE Ms _ 
a Ao. EsA La +E Abs 


127 1, Condider hy free - Foky diagram fo Coble 


os a). Oy epuibbrion, 
ZF, = T-W=d 
w= “ALPS, f= Aceclanalios ¢praviily 
A= D74 Q--- 
Therefore os 
TzALpZ @ eink 


oo ts . der vi We calle Le 
Tiny LEE ® 


For the atec} cable, boy FH -b) 


Ont, = 1 Ou = = LEBEN pg L(7920(9.8!) 


Figure @ 


or L21325.7 m 


Tuy = 5G = SLE Me =L (2770)(481) 


~  L=azotttm © 


() Fe ob of honyth L 4 bpocled As adead Pat 


ord, Ag shonpaliy § 44. [eee EF-L3)) 


f= Zé (e) 
Ccpnt.) 


of Aength dx, tthe elongation dé it, dy 
F¢.(e), | 


dS = Bede = $ (APE) Ix G) 
where Ara Ah, crocs -arctiones area 
Hy, cable ank AxPg 44 Dy Weight of ithe 


Duke gration ER) x= 0 Ax=Lb 
Gulla ab, ‘at eagle ftlg ahh ot 


: (Z) 
Where We ALpy at, yrright of ty able « Epuatione-() 
aud C12) shew Abt hay Lon gation of Maa cable 
ty a Leak egal ts Ralf UE weight appledat 
At on. 
For ow beef cable with O=1G., L = 1325. 7m, and 
E4- « G) yrrthe . 
4a + (1325-7) (7920)(1-81)/() 973x107) = 0.354 mM 
Fru am alamenum Cable aveth velq,,L= 2097.6 M, andl 
A = £-(2097.6)* (2777-8) (724109) z 0.836 m 
(C) By &g.(a), thy Lenrion al ALy Hap of- Abs cable 
(Fig) due t5 hy weight a AL pg: Mh Teveirn 
tt the tip of thro cable dus to 0. load P yetiod of 
Cont: 


Aa Po So, Alyy Hotel Hanson 14 PrALpy. 
Cnax = PHALZY) = E + Lpg (h) 


Ti, L=1000m anh D= 0.075 m, Eph) 


For a steel cable: P= Sbb8 AN 
Fe an Aluminum bale: [7 = 383.6 RN 
The thee} crhh con Lpever a Cage 476 Limes 


| 1.28 | Ba Ep. C4), with S= Td /32 wd p=d/2, Wwe 
obtain at t= 30MPA, 


30 MG < or (a) 


aud by ERAS), wath W/L = 0.005 rad/m, 
0.005 rad/m = or (b) 
thon, by Ep. ma 


+= (ont) (0. mesic rreotns* 


ot dsaissg m. for d« oISsem, Eg b) yells 


Ay, amaltut Hara bing anneal T PPh i, Me Maxinnuaye 
dngle of fara otewre bape the am tovinsem thea, Abie . 


(@ By Fig. 4, ty ara H of the crea aselim of th, beam xt 
A = (6.5) (200 +300) = 3250 mm” 


AY = (6.5)(300( 1) +(6-5)(200(303.25) = 686725 nH? 


on FH QILZs mm (a) 


— 200 mm —al 
(b) Oy Fig. b, the Aupep {-) Cir 
HA and B ane Suttrmned) by the 6-5 mm 
cgualione 


oF = A+B-21-l19(3) =0 


G EM, =3 Been) ~ WEYL S20 ; 
Ure agtulins of Fsbo) A { 


A=434N B= 84N (CC) Figure 4 
With Fig.) aug Ege. €) He thear auk moment 
SS artes may fee. drawn (Fig-c). 


LIAN 
(OAN/™ 


L. 


A 
B 


np a ——_ 


Figure b 


Cont ») 


Shéar Diagram 


Moment Diagram 


Figure 


By Fig.a, thy momnont of, th, creat asrslirro$ area 
ahore y , wath rrpect ty the 2 ayia 4 


ire 
Gs [xda = (6-5) [(86.7-y)( 36.14%) 


al-3 + G00)(6-8)(9h45) jf} 200 mn — 
‘ 


(= 3-25(7867.7-y7)+ 1195.35 mm] (a) 


gt 


6.5mm 


By the thear Aiagram of thy 
heam (Fig. b), the maycinum 
phear ctoure at secLin A ond 
44 VaZaakn. Y= 23mm 
Thy Cred doctign of Uy T- Beam 
da. Tg = 32-94¢x10° mm, Jp 


abrre the Darigonted) coudroibel Figure a | 
Ayia &, by Epa (I Daud G), the Mra wir thy web Ae 


z 


Figure b 


a VO _ Gayla rs(t¥627-H2 4 195FFT 0 get] 
“Th (32-749 x0") (6-5) 


5, & O), 


Taly-TbMPA fr Yad (c) 
212-277 MPO for Y= 887m (d) 


Bolpw- thy Auvriiggrdel conttrclel pe z (Fig. C), 
Q =G-H(AN3-Y)(BMSEM) = 3.25/23 ¥7) @) 


For f= 9 Eg ©) piel Q= tus los mm > and) 


T= VA - GA4S 105) 14. Fob MPa 
Tbh  (32.948x10 (6.5) 


ad qyven frevcously Leg - ce). 


For ¥ =all.3, G=6 and T=0. Hence, Ahie méyemum, 


Ahean Cibde i Tay = 14.706 MPA at aeclern 
On th, cervitrgrdal opig ®. The rncniomune hear 
AMitad ia Tyig=0 ot ty bollom of ty web. 


211.3 mm 


| ke~ 6.5 mm 


Figure Cc 


Gy Fig. a, The ultimele strength i oi, 2 665 MPA 


Cue Aepredonte (/00)(0.05)= 5 mnm/m? of energt anh 
We 2dtimale that they are approrinadely 24.5 


CI 
a 
= 
an 
rm) 
f 
5 
” 


Strain 
Figure a 
Up =(5)(24-5) = 147.5 MN-m/m>., 
By mumerneal tigre linn, 


3 
L, = (YY. MAN-m/m 


Evkinding the thaiht bine priliot of Ay Aline. - Sian 
CANE C Fig. a), We that Ab, 


AL 


E = 270 = 200 era. 


so, 4 Fig, 


Tys = 345 Mra and Up, = 315 MPa 


we 
o 
=. 
mH 
) 
® 
b 
n 


0.004 0.006 
Strain 


Figure a 


Thy arta under thy tress - rary corre th th, yold 
AA, Ap propimalily (ee Fig- 4) 
Area = 4+(315)(0. 0016) +315)( 0.004~0. 01) +-£ (395 ~315)(0.004- D- 00IL) 
v1, 


Modulus of Resilience = }.104 MA: 1/3 


A=TtD%y, = Thl20) 4 = 314.16 mm™ 
Whe atria at a hoak P= 75.4 AN <2 


€ = = oS = 0.0033 (b) 


By Ege. (a) aud b) thy alae 
F- a = 74.73 GPa 


TNs radial strain sin thy for ata Lookof 754 AN 


AA. 


é. = 19.97§ — 20.0 _ _.0. 00/1 (c) 
20 


By Ege. (b) adc), th, Pore Ndhy x4 


Ypr- "5 0.33 
Ag tm P= TSE AN, thy bropertcrnal Linil 


- F754 _ gus 
Sp, = Bp 3mle ~ 


A, = 7D = Tr (10) /4 = 78.54% mm (A) 
Avice thy reducclin of arse of ithe apeermon 
Ady 55%, Thy are ab frockire At, wath Ep -@), 

Ap = @-45)A, = 355.34 mm~ (b) 
Merefre, The thie prechin abner wath 
P= 43.2 4N at Prachi (eee Table P1.31), 


- 4B 
A s0a7 1220 MPa 
G; = #22 = 50 Mpa 
Th, rete Of /G = (552) (1002) - 45%. 
Thug r2tult vos t he ey peoctd, dane ty 


Gree at frackiy 2 457 of hy ariquial ante 


With Ty, = 50MPA, Oy =-30MPa, Oy, = £0 MPa, 
Oxy = S MPa, Oxa=-320 MPa, Tz 20, and Lzm=n = I/y-, 


Eg. 10) agaethe 

Tye A Oey rMOjy + Oy = (90+ 5-30) = /4.434 MPa 
Ipy= foxy HM Gy, + Gz, = 4g( 5-30 +0) = — Ibs MPA 

_ __ S, Mea 
Tpa= kip t mays Oey = yg (30+ 044) =~ & 77F 
Ahow, by Ep (2-1), 
i 
Ooyad Oxy FM Oyen sat Amn Tat zdng, +2tng, 


= 5140-30420 + 2(0)+2(-30) 4.2 (5)] = 3-333 MPa 


Therefore, be Eg .@-12), 


Uoe = 077. 774 G-= = 
Ps | yt ony + Is —Opy = C43)" u3y)+ 5-7 24) — (3,359) 


Ops 20.950 MPA. 


By Fapure P22 Ahe acotion cut of f by 
pbane AA <a thou on Fig. b. By 
Mbiuim of forces, 
ZF, = -O(Saind)—F (Scoes)-Ts(eoaglep t 
ZA = —T(S ana) + GS lems) =o 
— Figvre a 


= - 22% cot O Ccomprtedion) 
T = Tp 


@) By Ega.a. 21), With shy genon. aTiees Comeppranie , 


I, = xx = 20, I,=- Tez = - 300, I; =J0 ( 


By Efe. @ an @.20), T~ 200 ITH O, ov 
T(T—-30)(0+1d) =0. Hence, 7 =0, T= 30, T=-I0. 
Cnbering Aly ates, ut Aaye 

0, = 3OMPa, T= 0, G3 = -10MPA 


(b) wth o-=g,, Ege. (2.18) apielh 


(20-300 + (m+ wiSn=0 =» 4=/5Nn (bd 


— 30m =D) => m=O (c) 

10V3k + @)m —30n =O a) 
WAere 

R +m +m | @) 


“he dotution of pe. (b), C),and(e) xe 
k= + ¥3/2, m=0,nz=+1f2 (6) 

Note tad Ege: ‘G) dekiafy Eg @) 4 

(A) By Ep. i ad po i pap 4 “the 


aie art th, roots 


(-100-¢) 0 ~80 
0 (20-7) O = 0 
~80 o (a-o} 


(20-7 )(a-b0)(o-+ 140) =O 
Mone, g- = LOMA, og 20 MPa, T= !yomPa (a) 


(b) By Ep#(2.22) anda), 


qty = (G-G) +E G-G) +t G-G)= 67200 


or . 
Toot = 86-4) MPa (b) 


(2) By Ep B 3D and@), 
Tmax = &(G@-G)= oo mPa) 
By Epa. (b) and), 
Tmax = 116 Coct 
(d) By Mohr's circle un Hhy x-Z fbane (Fig. a), 
for which 26,= 49° Lrowts P and p*); that aa, 
on plence fr urhick Ah, clirselimn odinee arr 
(fg FB), abbr Ao proncped ithiee 
Ayes, wr fed jeona prin dicube As thas 
Fig. b 


XZ 


Figure @ 


© a unt yeela anal, direction of the recor 
C+aZrh Shan Rinection epeuiee 


_ tL - 2. = 
ee i a 


Toy 2M tm Gy +1 Ocg = [gor lao) + 40) = 


- 150 
Ty = Atay + Fyy 4 Ory = Fe(R0 + 2(60)+ 10] “= (b) 


Tor = lOvz +b, +1 Gy = FL 40 +2(0)+20 = 32 
By Egt bark @.9) al, cht wil 


Tp = 65.327 +6/.246 + 32.662 


(b) With Aly guntn. Pitot Component, and Eps. 2), the 


I, =$0+é0+20I60, I,=5500,Iz;20 © 
By Egs.(c) an& @.20), 
T° 1600-7) 55007 +0 =0 


T (oO *~1bor + 5500) = 0 
Cth. norte. of. EF: (d) ane 
OG, = l0mra, 0, = 50mMpa, gy =0 
(C)Te moximumn shear dee 24 
Cmaz, =EG-G)= 55 MPO 


ra ~ . ; 
Coat = E[G-5) HO-G) He -F] = 18400 


gq 


Cot = AL.G7 M Po 


(a) 


By Efd-@) and 2), thy these cavern fT ang 
T= 4terea le 
Ards AN {6 | 77h) 


4 | 
I 
Z O 


(b) The 45° netting of ove (fy) do ahewsn in Fig. @. 


« y : 
few ain Tab a . Poy, us? 
hy Efs-() and Q.15), with Teh, a, c y¥5o x 
2, 
Cyt) CDH) + CON) Fare a 


+26 qg)(ONO) + 2 (O\\2) ayy, a 

L 2 (+: Ge = \(1) = 6 MPa aa LAH 
ott [fea 
jz foto ti | 


Tyy =4MP, U7 = & MPA 


TP pier bey Ega.(a) and &. 17), Wilh Tall, va, 
Oxy = 1 MPa, Te he = = {2 MPa, Tyz =~ V2 Mpa. 
(©) By Ep Q2!) and thy shisee Componente 
plate 5 area (X,Y 2), determened an peat b, 


T= %&xt+Syyt+ TF, =beusgaig 


Tr = 99 mPa, Lz =1bo 


Those vnvariorle are the dem 4 Ahpae 
iting Ae anes (x,y, 2), Ego.(b). 


Ft body A Tex =G, Syy = Teg = Oxy = Ox =Tyz =O 
Uhulor fr hoy A, beg Ef (A-23), 
9 Tree = 20 * 
oe 
Fri. Boddy RB? Cree = EG & 


For Body B, Txy = T Txx*Oyy =%z2 =Ix2 Tye =D: 


Then, by Ep -(-23), 
Tet 26% 


or Fot bob B: Bet == ; ee, tb) 
B paling Eye @) and b), we oan 


(A) BAvtg Ox x = Jyy= 55, =0 ank Uxy = %x2 =A,= Th > 
het Fea (2-20), At, whee Annee ane 


I,= 0, LL. =-37,", T,:at, (a) 
By Egs.@) aub @.20), by proredeed shits Wk 
he rorla of- 

3 2 ; 
T 3% 0-- 2%? =o 


(-- 2H)Tre) =O 
Merefore 


J, = 2p, 7 


(b) Lince G=G 


=~, 


dicubyy ayer Ahat are also 
ferpendicets a tp He prwincypuf apie addoccaled with 
frreserpel 


Kyte Me hard principal cares bas inee beer 
Coaines (2, n,m) where [ are EF.Q-18)] 


—AGL+%mM+tBn=o 


1h -LIm tn =O 
Tok + Tym -2%n =O 


By EG @-22), 

7 Cece = (G-)* + (G-GY HR-GY 
Wheue OO; ama Tz ar fnew. Te delermune 
Tz Muck that Loct atlgine an Ly Hite 
aehul, We must faye 


a (9 Zee) = 0 


or 
— 200, -o) + 26-0) =0 


Nence 
0, = x5 +95) 


(a) Weth a, = -FOMPA, Tyy= SO MPA, and Ty, = 6 MPa, 


& go .(2.al) yelf 


L,=-40, 12 =-4S36 Tra (A) 
Then, by Eg 2.20), O- *+hOT ~~ 4s3ho =o 
Whe rook ference trae) arr 
7 = 50-257 MPA, Px = 0, gy =—70.257 Mfe OS 
(b) Bu Ege (b) and(a. 34), 
Cmay = Z(G-G) = 70.257 MPa 
©) By Eqs. (4) and @-a2), 


2 
WTyep = AT, -6T, = 3046 


Toet = $8134 MPa 


) Wath oz, , TyysTxy geren. aud T= 0; = 50.257 MPa 


EG .(A18) pred 


—140-257h tEmM=0 
62 ~ 0.257m = O 
— 50.2¢71n =D ©) 
A+ ren? = | 


Mh, avbictimn of &po.(0) 44, 


A = 0.0427, m= 0:998, n=O 
Neuer, AL, anghe betivreen ayes x aud X 44 yen 


by 


ot 


(= Cot G@ = 0.0427 


O=%755° 
By &¢.8.0), Ah, hr veep Ix, Gi, Ge are, 0s 


Ane J 
Aerie oe Txx, Tyy, Tae, Oxy Tz, Tye» 


Ab bing Efe (b), we obtain 


Conde ee Se 
mel Sie = Gy ke 
y 9a = Uax ty thet Wet 2Ge + 2Gez 


z 2 2 
Ge +Iy +92 = Tp 2Ty 


atta 


Tres Componente (ate Tate PA. 2a), 
(a) 


“aio *puoT PDS =p) (b) 
ee ashes of Eg @) ane 
= 15-467, Jz = 10-063, Tz =~ 4-530 [MPa] Ce.) 


. ry pe in mn) aadacceled wth 
~0.4674 -3m=d 
— 3 h-12467m en =O A 
m-5.uel Nn =O ) 
2 +m*+n* =] 
The sobition of Eps) x2 


f= 3.0.9974, mat OIS3T N= 20.028! 


oF and & milan Be Loe tales ater ld with 


Wilk ope (), rcp haan ie 
=4£0-G) = 10.0 mPa 


Tay 
Akio, by Fps.C)ank G22), we hare 
I Tee =(G-G)G-G)HG-G) = 642.04 
Coct = 3,45 Mira 


B By Aah Pa. I2b, Oxy = 10 MPA, Ty =—S MPa, Tyy=~5PA. 


Be cn cae ns yp 


2 


Mence, g2Loe+is-L= Tiso-7S0=D 


or o-(7*- $0-75)=0 
50, oT, = If. $74, dz = 0, O, =-6. SIY¥ @) 
_ Ep ee thang of. flere choee LEF- (4. )] the 
20% 
Hin 26 = a — 4 
ov 


26 =/46.3;° 


Hen, @= 73. 15° 64+90° = 163.15° 8o xh 
Opte are Located of B= 73:15" amd B= 163.18? measured 
Count lorfimaz prom aby x Anew . 


(Cont. 


By E¢a. @) auh (2-34), 
Ton tog = 4 (G-G) = (US r6.Sn) = 4014 MK, 
Auk by E94.) avQ@.22), 


IG i. AG~h)t(h-G) e(G-G) = 500.01 


Cet = 7454 MPA 4 Cmax = 9.014 MPA 
Fou aeedg Tx, = 10, Tyy = - 5) Ga = 10, 
Txy =4, xz = 3; and Ty2 =, the cies nvenants anz2 
L)=—-§, L,=—/29, L,=713 


Mhestfor, 7450 1277-713 =O 


T, =11-837, J =-5.10S, Tz =—10.832 [MPa] (0) 


For the poreincyeg| ATitee-T; Aly prrsrciperd aguie 
durechin Coaner 2, mM ane the aolitzn oft 1M yep 


—1U.537R + 2M +3N =O 
gh —lb.s3imtun = 0 
38 + 4m—/s37N =D 
fpr + m+ n> 2) 


ene, 


R=to.tst, m=2to.asd, =D.9756 
When, by. Eps (a) aub@.24) 


Ome = Z(G) = MAIS MPa 


By Ega -(a) and (4.42), 


a Cs a 
4 Coce =G-) +(%-G)"+(G-05)'= gay 


Toct = 9,57 MPL 


—Vv—_— 


L,= 
re ir*s Igo - 1,27 830-290 =0 
Tbe Agrte (frncepad west) GL 
0, = 1b.5ist, Gy = ~ 5.000, Ga- 58186 MFA] @) 
Fit farinciterl bites J, Wwe Lane 


-0.515Sth +24 + 2N=0 
AL ~IS. 515m =0 
ak —1§-5isbn=p 

fet mr tme =| 


lente 
0 20.9936, M=I.NLLE, Y= 0.265 


By E fa (a) and @.37), 
Cong = L(G,-G,) = 8.010 MPa 
ank by Efe.(@) ank (4.22), 
F loge TG) GG) HB-B = 498.0 


” Loe = 7439 MPa. 


Wh Oxy = 10 anh oll hey 
Ah tite. vimvereane ae ee compares. Jo 


L, = ID, L,=L3= O 


3 i 
g7- Lo + Lo ™ 
} I, T,=0 WT =0 


go *C0-10) =O 


But Ege @) and @-34), 
Lim ay, = £1G-G) = F MP 
Auch by Epo.) and G22), 


2 Zz 2 5 
9 Coc. = G-GI+E-G )tG-G) 220-72 200 


pr 
Yoct = 4.7/4 MPa 


o7-Lo7+ I, 0-13=0 3 


Oxx Oxy Ny Oya Oyy Ova _ 0 -75 oO SS 
CG C; + + - + t 
*¥ Tyyl Ira Oz! [Oye Tez! I-75 9} bss of 165 0 


l= yy 


i 


+02 -0 


2 
Ory Oy, Onz O -%> -55 

T3=[9ry Dyy ve sf 0 65) = 536,250 
Ove a G2] |-55 65 0 


73. 12,875 -F536,250 =O 

U, = 130.34 MPa 5 0, ==76-7/ MPa ; Fz =-33.63 Mfe 
_ Imag ~ Om; -(-%. } 

Cmax = ae 30.355 76.71 = 103.53 MPa 


Subtiteh O20, 2190.34 MPa into £95, (2-19) 
-190.392, -715 m, -~5S5n,20 


0 65 


[-12,875 


15 L, - 130.39, FOSM=O = 05189 5 m,*-0,6055 5 1,=-0.5 462 


55h + 6 m,- 130,341,709 


g*+ m, © tn? =| 
nto Eps, (218) 


hubs T= % =-76,7/ Mla * 


16,71fa- 73m ~ 5503 =0 


~ 7152, + %6.7/m3 + 65N, =O 0 = 0.5899 ; y= 0.1736 j 05202330 


_ 5Sflg + 653 + 76.7/N3°0 
2 2 on’ c 
f; + ™3 473 =| 


buhiltike = Tp = - 53.63 Mra ate 4s, 


53,6322 - Tim, — 553-0 


C29) 


_ L SP,63M5 +65 My =O Ww - “nH = 
15 Ly + 3F,6IM>+ 2 2, =0,5637 ;mz-0 186? sNz=080V6 


~ 55h, + 63M, + 53,63 N= 9 
2 2 2 
£5 + M2 +n, =/ 


Eqs (AIS ) and (RAZ) gives 


~% +Ogy 605 “9 ~ 20x, sine Ose 


Oyy = Tex $17 

Czz = Te 

Oxy = (Fey - Tyy ) Sth @ Cose + Oy, (Cos 4 sin 6) 
Oxz =9 

Ov2 =2 


These eguations are tdentice/ with Cf5. (2.30 ), 


The direction cosines are Istedl in Table 2.2... Substitution mmto 


I, = Sax + Oyy + Tez = HO-864+55 2 79 
Saw Ox 5” | Try Ox {110 HO O! {-&% 
acl y | xx Oxe |? yy P| -| él, I of 
Try I, YY Oy, T22 Ty Tze £0 ~% oO Sy ¢ o =-/1,7 40 


Ox x Oxy oe] 1/0 60 Oo 
I= Oxy yy gt 60 -86 0 |=~718,4300 
Ty2 Dye Dzz 0 O Ss 
64.9907- I), 7907 + 718,300 =0 
0, = 126.9 MPa 5 Oz = 2102.9 Fa ; Gz = 55.0 fa 
Substi tate 020,=126.9MPq into €9s, (219) 
(110-126.9)0 460m, +(a)n =0 
60£, +(-86~!26.9)m, Hon, =0 
= 0.49, 
(0), +t (0) m,+(55-126.9/4 2° 4: 0. 0.9625 M,= <0,2712 ; 
Bee moan =! 
Substitute Fe Os =~ 102.9 MPa into Egs. (alg) 
(110 + 102.4) f, +60m, +(0)n,-9 
£0, + (86+ 1oedmneoMms=? 9 _ 9 2712 5 mz 2-0,9625 3 95-2 
3 22) Aa ee oe 

@)% + (o)m, + (55 ole2. Yh, =? 
as 4 ms + ns =/ 
Substitute O=9,> aie ite fos, (2.18) 
(10-55) L, + 6Ome “e (0) My? 

(0) My = - = 
bo by (46 - -55) M5 he of =O 57, -| 0000 
@)f2 + (om, ald 2 ~ 


2 
go +m, + a / we U3 ce LS 4.9 MPa 


Tu s¢max) = 


_G Oy iC 
ae ay 7 ay = Hose -86 (ea [2 4119.9 = 126,9 Mfo 7 MPa 


ere (" en” 


- 1269 (eed. 114.9 (Pa 


~ 20g. 260) . - 9 =0,2797 
tan 202 Girt, = Tore 7 OIE 2 


Le G2 @ = 2.27625 4 Mm, = cos (E-6)= sta = 0.2712 12 5p =O 


OAT, Fo, (Atl } qives, With N= Gnt-Ih)= 13/2, m= henl-We) =-16 | m=, 
Gx = () G0) +6 BO) + 2(E\Eb) (to) = 30.36 MPa 
E96, (2a.to) give 


re = i (90) + -s)o)= 57 99M Fa 


iT 
Ny = 5 (0) + -$)(-10) = FLEYMP2 
Wy, = 0 


7 2 2 é 2 Teoh 940005 
Oxy =) ali, + Oy - Ky = VST + 39.64 ~ 30.6 = 63,90 MPa 
218 
200+/0 ¥ 2 
d= oa Dad [(e00100)*, (50)* =150+70.7 = 220.7 Nha 


Gg = 150-70.7= 14.3 MPa 
O,. 

Umay - Omnia 220.7-0_ ; 
tiger 2 SEE = lot Mha 


bo PG BOD 
Can co east ee =| 0000 


6,= 20.3927 rad 


Y-axis located 0,3927 rad clockwise fram X-axis 


ee19] s1Ot OE 90 - £0 2 
t 2 + ( 2 ) + 60 --20+922 = 72.2 M& 


Ges20 dees sie2e 
g, =0 

Omav One 712. Chee 2 
Cage oo mn - EEE 2 90.2 Mh 
Zan aes ae 2(60)_-_ 9 57 


Ty -Ty — 90-50 
@,= 20.3543 rad 


X-ans located 0.9543 rad clockwise from x-axis 


2 
j= 2 + (2)"+ 30 = 40+SO =70 M Fa 


O3 - -~-60Mfa 


Tmax 2 a = 40- C60) = 75 MPa. 
tan 26,= = 202. OWS 


a 
6,= 0.3216 rad 
X-axis located 0,3 216 rad Counter clockwise from K-AX/5 


2.21 
~70)2 2 
OG; = BOrle, (#2; T2)"+ (45) = 110 +60.2 = 170.2 MPa 


Ga = 110-60,2= 49,8 Mla 


0 = -80/1Pa 

Umar -o ax rye = 170,2-( 80) - (25./ MPa 
26,2 204 _ _&C-45) 

tan €8, TO = TR 9D ~[ 1/250 

@,= 20.422) rad 


X-ayis located 0.122 rad clockwise trom X-axss 


"Oy =200 cos‘0,5000)+ 100 sin U-05000) + 2 (-50) Cos 60,5004) sin (-0,5000) 
2 217) MPa 
. 2 . Lo 00) 
Oyy =~ (200-100) coseos000) 5 In -0,5000)-50] Cos (0,$000)~ sin (-0,8 
XY 
= I5.1M Fa 
2.23 > 5 
Oyy =-90 C05 (0.1500)+ 50 510 70.1500) + 2 (60) <os (0.1500) sim (0.1800) 
= -69/ NM fa 


2 2 
gy =~ (-90-50) 05 (0.1500) $17 (0, 1$00) +60[ C05 (0.1500) - 510 (a1xoo)| 


= 78,0 “fa 


Gy = £0 ¢05°(-000) + 2(30) 60s (10000) sin(-10000) 


odin 3.9 MPa. 
yy =-80 €05 (-0000 si (-(,0000) + 30 [cos “10000 - sin “/-(0000) 
XY 


= 23,9 /1fa 


2 -2 
Oxy =150 cos (0.7000)+ 70 sin (0,700) + 2-49) cos (0.7000) s1n (0.7000) 
= 72,5 M Pa 
Oy y= - (150-10) 605 (0.7000) S10, 7000) - 45 Le COS “0,1000) ~ $n “0 ooo) | 
=-47./ Mfa 


OC: ax Oo - 200+ 100 [SO MPa 


(axes) so? = (2225100) esy® 


= 70,7 MPa 
From Prob lem 2.1 26,20. 7854 


2 = 26-286, 2(0.5000)-0.7857 
= 0.21%6 

Tyy = OC +R COS 2X = 150+ 70.7 (05 (0,2 146) 
= 2/91 MPa 


Try = R Sin 2X =I0.7 510 (0,214) =15.1 MP 


2.2 x. 
Oc = Fao = FP. 20 MPa 


- - 2 
= 92,2 Mla 


From Problem egy 26,7 0.7086 

2h = 26,428 = 0.7086 + 2(0/500) 
2 1.0086 

Oyy = OC-R C05 2x = ~20- 92.2 C05 (1.0086) 
=-69,{ Fa 


Oxy =R sin 2L = 92.2 sin (1,00%b] = 73.0 Py 


OC = yp =a YO MPa 
R= (Fi) O54 = (22) + 30° 
=50MPa 


From Problem2.20,29 = 06756 
Pa=1-26,-26= 45, 1416 -0,6432-2.0000 g 


= 0.9984 
Oxy <0C- R605 2x= 40-50 Cos (0.4984) 
--3,9 MFa 
Oxy = R sin 2X = 50 sin (0.9934) 
= 23,9 MPa 


+ Oy, 
< er - ae WO /1 Pa 


SO - é . 
/(23372 7A) 4-45) v= 150 MPa 


= 60,2MPa 
From Problem 221,28 =0,8942 


2u=1-26,-26 =), (416-0. 849E-LYO00 

= 0.8974 

= OC-R C05 2x = //0 -60,2 (05(0897 

= 72.5 “Fa 

yy = -R sin 2k= -60,2 sin O89TY) 
=-4¥7.1 Mfa 


vy 


Due +0 free surface, Ty yin Since @ 15 


positive and Cyy = 0, Eqs.¢ 30) give 
Ory = Fxx 695 “9 = (00 695 “9 


Oy = - Cex) sin @ (03 8 = ~/00 510 O CASO 


Since @ & positive, Fas,( 4-30) give 
Tee Tx 6058 +G, yy 517 26 


Oy =-(nx»-Gy) sn 6 COS 
120= Oxy ~ + Wes 

10 =-(Gix~ Gy) ez 
a xe ac Ty £3333.93 
25 Oxx = 666.67 

Oxx = 26,71 

Tyg = = (12.514 fa 


| 2.32| Since O= 60°, Eas, (2.30) give 
Ory = Oxy COS 45 + Gy $10 *6 + 20xy SING (O50 


Try = = -(Oxx ~ Ty) SIhn@ COSO + gg (Cos 29-5 79) y x 
120 = YO(O.25) + O75 Oyyt 0.866 Oxy 
~$0 2-(40-yy)0.133 - 0,500 Oxy 


= 120 MPa 


0,866 Oyy + Oxy = 12702 
0,566 Ay ~ Ung =- 07-56 40 MP, 


732094 = 6/66 


Ozu = BSG Fe 
1) 5 
Ong = %2Af y 


133) S/nee Sin 2B and ¢os OG: 52) £45, (230) give 4 
Oxy = Oy C05 * @ + Uyy sin®9 4 2Gy sin 8 © C25 O 


Oxy = - (Try ~ Ty) e C58 + (cos ‘2 - sip “2) 
~90= Sex 455 + 10 76g ga +2 ry (- ea) 

WB -25 
-60 2-(Ty - vo) 68 + Oxg AE 769 


[,200 Oxy - Oyy 7- 121,00 
0.509 Txx +04 = ~ 65.0% 


1704 Oxx = -~ 186,04 
Oxy = 7104.2 MPa 


Ory - -10,0 MPa 


| 234 - SY (Se x) + G Ty = -/00+60 [-0282) + 50° 
: +/ (At = a (8?) + 50 =-20+ 94 3= 743M 


C3 = oo. oy3 2 -o MP 
dz = 0 


Omay-Omin . 74.3 +43 - 943 /1fz 


lmay = ~ L 7 z, 3 m2 | esoo-60) « (100) + 60° 4507) 
Meo Ore + Tyy tO OY =F (-100-60) + (-100) + 60 + K50 


2 2 
+0ry = 


ania 
Oyy., (Pex Bow isrr%e, AS} 450 = 135+67.3= 202.3MPa 


Gp= S-6273 = 677 MPa 


G3= 0 

Zmar = Tres Sr £E2 . joL2 MPa 

; | Zz 2 / é 0-650) 
oct = Om - yy) + xx + Sy “+ blige = (180-90) + 180 +4 


= 941 MPa 


2 BT Gvtiy, [lata m2 150-10 , [(50210)* Ley)? -11p 99 | ~-379n9 
OF = Sorby —s 24) G, =O (AGL) +-69/ =-//0+72.) =-379INA 


oy <0 72 Oe te 
Ts = yy = 40 MPa. 
ae — a 


Oy +5 Ze 
= Ey (Sey) + Gey = SALE, [82595] a5 % 2 22.5 +180 = HS Mh 


OG, 2225-730 =~ 50.5 Mla 
= Jp, =- $0.0 [1 fo. 


lin ay - Tinse Om - 15 150 $s. 730 Mth 


2 2 2 2 2 2 2 
Zoct = + Mun yy) 4 (Gy Ge) 1(ia-Sng)+ bay = 4 fl90+35) + 5450) + (50-80) +6(49 


= 68.7 MFa 


2 2 
Bl resy" = 9054 12.7 = (20.8 MPa 


~ 


} 2 a 2 2 2 
bud + Gee + (Tea ~Gee)+ 6G = 445 4 60% (60-95) # OF 59) 


| Z.39|T, =O%x + Tyg + Oz, =-~/20+/40+406 = 8b 
Ox a | Tx Oxe [ Oz,{ [-/20 ys] [-l20 25] f/¥o -6F , 
1, - _ . 
Ora Teel “lays P| =| ne oll es ‘alles be /: 225399 
Oxy Oxy Kea] [ito 45 as 
=| Oxy Tyy Dyxl=lys 140 -65 |= 969, 200 
One Oya Tre 25 -65 66 


77-360 “~ 22,3557 + 769%, 200= 0 


Omax — Trnit 
Cnay = eae = LEOE FESS - 72.7 Ma 


I, 


Ty = 180.2 MPa 3 Oz = 10.06 Mfa 5 T= w/34.5 Me 


Substitue O=0, = 180.2 Ma inte E¢s (2.18 ) 


(-120-180.2)2L nism, + 25,20 

YS £, + (140-190,2)m- 65% =9 tae nee 

= m. 20,8740; ,=-A4779 

258,  ~ 451m, + (66-/80.2=0 $= G.09)35 MO BTIR, = 
0° , meeneel 

Sub sti tue O=O0p- 40,061 Pa into £45. (2:12) 

(-120-Y0.0b)hy + ¥Fm_ + 2FMg°0 
45h +(1¥0-¥0.06)Mo~ 65N2 =0 
250, - 65M + (bo 40,06) Na =O 

2 2 2. 

Substitue 2032-1343 MPa into Egs (2.(8) 

(120 +134.3)G + 45M; +251, 20 
150, + (1404 131.3) my — 65190 G,= 09598 5 m= <-0,2060 § Ny -O.1904 
258, - 65 rg +664 134 YQ= 7 


0, -Q2584 5 mg O412E, N= 0.85 89 


2.40! 
I= Oxy + Ogy + 227 100 M Pa 


185 les & 


A lee Z| 2 ~go/ {0 sol {100 35 
Oxy Tyy! — 1Ox2 Oz2| 1972 Tepe] |-60 soo) *|s0 | 35 | 
=- 7325 | 
Txx Oxy Oxe QO ~60 50 
T,= yy Tyy ab -60 100 ye] =~ 160,000 
Ox2 Oye zr 50 35) (OO 


o-1000 © 73257 + 960,000 = 0 


Op = 129.) Ml 
Tp = 6.9 1702 


Tp = 226.0 MPa 


| 
ne +z = 120-S5-85 =-20 


17 
ni Se a yy | [ees * ~15{ |~5S BF 
= t 
Tas a, Oy! 10x22 Tee Jy Tea ~6§ -99 east | 33 mn 
=~21,864 
Sax Op, One 120-55 -75 
=| Oxy Tyy Oy z[-55 -S5 33 |= 1,267,070 
lel, yaa ~75 33 -8F 
os 200 -21,864T- |, 269,970 =O 
C= 162.5 Pe 
- -68. MPa 


g, =~ MPA 


_ Omay ~Tinip _ (605 M4! 
Cay = GS TF 


sy 


é 


I, = Tex + Oy + 227-90 -60 +40 = -110 

re eal (Gy Gal [772 70 | [- 90-95 |, [60 ~ #2 
rele oh EIIBE) poe ss vel eo ve 
2 “sy 6 * |e Gel” ‘|-ss yol"l-¥a ¥0 


Oye Oaz 70 -60 


=~/0,125 


as ag oe -90 70-85 
Sy Oy ot || -60 ~#0 = 653,500 
ye -~ 


ss -¥D % 
2 
o?euog -10, 1250-657, 500=9 


oF 2-44.80 M ay 
03 = —~/UE.5y 


Omax ~Omih ¥, 


T, =%x +0, 99 Ogy= -150 +80 5-70 


lig ong’ 7 fe ol go eal’! o aol 
é li, 0 Tyy la Fel lee z 532 YO O 1 so 80 7 Oo 0 

=-/6,/00 
Dex Ox 
I: a7. G, 


Tey Oy Oya |= 
Oxy Oya CGzz 


Ov -1¢9 -Y¥O SO 


-4Y0O oO 2 | [28,900 
so. 00) 80 


3 2 
o +700 - 16,1000 - 128,000 
CG, = 9/2 MPa 
Oe = 8,3 1 Pa 
Oy = bes Nhe 


O; OF C 
Zz may ~ Onn 9/2 + 169 
may eg 2 1370,3 Me 


By Fig.2.12, OC = xt oy |D (Fip. a), 

By ©9238), R= ty? 1G? = 25. By ze, 
@) Op = It2S=35, T= |b-245 = —-/5. By EF .Q. 30) 
tay 20, = AY 2 OTs 


Tex Fyy 
AB, = 2.49804 ~ 0.64350 
= 143./3°, - 36.87" 


and 


(7:35), 8, = 756", -/8, 43° 
30 


™ 1s 
— =- ° \ 
~~ are 6, = 71-54 ——— 

(G15) 


/ “T. 
30 


(b) (Gy), = R= 25 


245] In MPs, Grn = 20, 5yy=100, 
QO Cy AM T= 340, LT, = 17600, Ts 


0. 
GB E%.@-22), CI 3400 4176007 = O 
“ C2 23% T= 63.7% Jz =O 


Ba EGe.@37) with d= 0 =o) 
T, = DHOH OO 4 f(2H0=1097, gy? = | 704+ /06, S0= 276.30 
2 
(> = [7d — 106.30 = 63.70 
7%, =O 


(b) By Fig d lh anQ FH, (2.34), OC = Mw = 170, R= /06.30. 
oe Od, = OC+R = 276.30, Oy = OC -R= 63.70, Fig. %- 


CCort-) 


2uSconbmel] By 5p (236), Tey. 20, = 254 
28 ¢ fin 

ms = 4.2896, -0: S20 = ° ° 
! STb6, rad = 13114 — £8.81 oN 


= —//428. 


(¢) By Fig. (Tv \wax™ R= 106,30 


z 
By Ep (22a), Tepe = (G-L) 15-9) *G-G) 
| =(2%.3403.7) + QU3) 63-7) = 1255.98.2 


“+ Tyee = BIB 


ar, =O, Bae, wrtene dal, B= NV, Yel. 


Phan, thay frat of Eps. B40) parte 


pol Gyr) + $o(or) + srr) ~ Ooo Ge + Br =D 


ot _ 
r Mee + pr $E +£-(Gr) th 2 der Ge tVOr =0 


oa O7,.- Ge. _ 
r4 1. JG, 4 002 rr~%0 1 By =O 


Whek 4 th, port of Eye. G50). 
Whar) 2g calionn am Epa(A-50). 


. With x= ay 6,2= 8, wt get of =) B=r 
DT un doee] + $5 (Mean or] +39" Gr) FeO) 0 $7 
—1 Gy 2. (ram 6) + ren a)By = 0 


62 . . 
AV aun) Ter +1 Gernb) 2er- + yon) Oey + Mand) 2%E 
+ p 2p — 1 (aun A) Upp — V(4end) Tp > Mem Ab, =? 


Hence 


) 
Grr dp, a 
se +f ee + Fane Str + £(adhr be - Ig 


+ 0p, ot6) + By =O 
Wich 4 Who foul of Epa (2.53): 
Amber cubttibikisre sith Are eonk anh Maid of 
Efe -@-53). 
Wilh x=¥, 4= O, Z=Z, c= 1, BFF, y=, and 


Ta2° Ur2=Opz = VWd2= d, Abe prrat of Efe.G.us) yy) 


Tas + Sor - Ip SL + Oy = 0 


Spr + + Kr + or —-p+rG = 


6a 


whak tpi of F400 
» Ly aecond of Eft. ay) poll Lhe doveend  EfoU SY 
The third of ep (4) pull B, = 0. 


By Any pret of Epa. Q-bS), 


dx*® 
Me Pog GE sf 


By the pirat oA Ex G68), 

AX =(14 $4) + atm + oe ou y (b) 
By E94 .(@) ank (b) , ut Lape 

(rds = (14+ 34) f oem tgen (9) 
By Eg.(2.67), 

ds = |/té, Gy 

Hence, by Epa. 6) ond(d), wt obtain 

Ce MF = (14 Mbt Se mt 4h (e) 
Epudlisy(e) 4 thy frst of Eps. @-68). An & 
EP C68) nay be herined. 


* ds 
ds 


Before deformation volume = Lbh =(500q}(ioo)(ed0), After 
deformation, let width dimension be increased by & The 
depth dimension becomes (h+ 2 5), The final Volume = (5 020\(o0rS (20g 
Setting the twa volumes equal gives 

5020 (100 + §)(200+ 25)= 5900 (100(299) 

$7 4200 + 74, 8406 =O 

S$ =-O0.1977% mm 
The displacements ft 

U =~0,00\99¢ X 


y=: 9.001994 Y 
O 007000 x 
0, YE 


ake the form 


G 


wt 

@) For small dis placements der 
-2v.- ° z= = 0,00 
OY, -a0oitty 5 bea ® Fy * 2.201000 


u . 
bay = SH = 0.001994 ; Egy = Fy 
xy = Sy2 * Yzx = 2 
(b) For large clisplacements 
2 
_ ow 1 (dw\_ 0 
6, = SE + 5 (GE) = 2.901008 


} 


GZ. 


The direction cosines of V- axis are Yo 
L= C05 6; m, = cas(E-6J= 50 O; n,=005 5 =0 5 x 
Eguation (2.6! ) gives A 
x 


Evy = €xx 0° + Eyy me + 2Exy &m, 
= €xyx cos *@ + Eyy sin*@ + 2Exy C05 O 51n@ 
Xx 
2 
The direction cosines of Y-axis are 
fh, = 05 (% re)=-s1n Oj mg = C05 @; Mg> 60s Leg 
Equation (2:7 ) gives 
exy 2 Uxy = ExyS 2, + Sy Me + Exy (Em, +& m,] 
=~ Ex $1 6 COS O + Egy Sn 8 Cos + xy (C050 _ sr) 
2- (25%) sip 20 + E xy (os 20 
For principal direction Ky A? theretore 


tan 2O= _ 2 xy 
Eyy - €yy 


xx FE , 


For X-axis, 070.8, m= 6; 170 
For Yrarss, 22-065 M2208, M270 
(a) u= 0.0085 % 
Vv ==0,0010 4 


Ou . _ da . 
(b) Exy on =Q.0025 , €949 > Ty 7 2,0 010 by A FE -0 


Evy = 06. bm yy +2 Exy GM, 

=0,0025(0.8) é (0,0n0)(0.4)" 

=0,00!24% 

Eyy= € xx t Egy ~ Eyx 

- 90,0025 -0.0010 -0, 0012¥ 

= 0,00026 

2 2 bey = CLE ex + OM Evy 

= 2 [(o.2025}(0.8)C-a.4) -Lo.01o)(0.9 g) | 


= 20.005 56 


Oyy 


Fot X-axis, £70,866; Mm,= 0.500, N=0 

- ° - fly = 
For Y-axis, 4y= ~O50 ; m,=0.866, Ne 
& =-0.0020 x- 9.00704 


edhe = Gs 0080 Gy * By 00088 


d 
Ey = B Exy = oma 55° -0,0020 
(b) Ey =O Ligg Ey # EEG O™ 
2 2 

00020 (0.866)+ 0,0085 (0, 58) + (-0,0020)(0,866)(0. 500) 
= ~0,00l 7 

Exy = Exy + byy - Evy = 
Sey = Coy = CFG bee 2% SY hme tm )Exy 2 

~ p(-0.0020N(0, 866 )L0.500) + p(oaoes | asoato.sub) + 2(-avu fase) (ortay 


= 0, 0087? 


~0,0020 +d. COLES HOOOI7TY 


tan 26 = Skt _ 2620010) -0, 4444 


ux~ Egy ~ ~ 00020-00025 
g = 9.204) rad 


ee Ex x ae Ne, cos + Cyy sin 9 + 2Exy sin 8 603 @ 


é é 
--0.0020(0.9782)” + 0.0025 (0.20%) “2(-0,0010)(0, 2070.97 82) 


a eOudee! 


En = bxx t&yy ~ €, =-0,0020 +0,0025 +0.00185 


(A) uU = 0.000667 *Y 


V = 0.001933 %Y 
At point B 


du} P 
=e = fo) , 2 
Exx Pee 0.00066 7(3) 0.00200 


00000) FF, 
, { : 

(6) For X- AXIS ar ae ne N20 

€ De isl 2 y 

Rd ah m, + 2 Exy VN, 


Exx 
0.00 200 (¢) + 0.00200 (£) +9, oosao ($ 


= 0.00400 


Fan 262 Hixy _ -0.00220 -_ 9. 7639 
Erne Egg 0.00180-(-0.00108) 


9=-0.3262 rad 
2 : 
E, Peay Ey, COS @ +E yg 3/n 6 t 2 Exy sin COs @ 
2 
= 0.00180 (0.9473) - 0. 001089 (C0.3204)~- 0, 00 22H0.997I)-0 3207) 
| eC est 
ba  bxx t Eyy ~ Oxy = 0.00 190 +£0,0010¢) - 0.00 217 
0.0217 


OFS = Ey + Gyy + Gaz <0. 00180+(C0,00108)+0 = 0.00072 
> 2 Prd 2 
is ~ Exy Egy + Ey 4 €a2 + €x, Exa ~ Exg ~- bye - Gy 

= 0,00 1€0(-0,00 108) -(-0,00 10) "= -0,000003/5Y 


by Gry Ex | | 9.00/80 -0.001/0 0 
Yrlery €yy yz] = |-2.000 -0.00108 0 =O 
Eye Cyt Eek 0 oO oa 


€7-0,00072 E*- 0.000003I5¢% E =O 


E,= 0.00217 , €s= O. 5 €, = - 0014S 


= &y + Ey + Es, = 0,002667 + 0.002000 +(-0,002 00} = 0.002667 


2 2 
~ by ~ Evz ~ Ezy 


= 0.002 667(0,002 009) + 0,002000 (-0,002000) + (-0.002000)(0,002 667) 


I, = Exy Evy t Evy Get C2 Cex 


2 2 2 
- (0.002667). —(-0.00/500) "- (-0,0000 33)” = -0,0000 133640 


Exy &ry Exe | [0002667 0.002667 -0.000033 
T=, Egy Eyx [=]0.002667 0.002000 -0.001500|=-0,00000000219 1! 
Exe €y2 ex} |0,000033 ~0.001500 ~0,00200 


é ?- 0.002667 €*-0,0000133640€40,000000002I81[ 0 
E,= 0.005170, 2 0.00015383 = ~9-002662 


2.62! Egua tion (2-2 ) gives Bex = = (14 SUI &ez) (05 
ds* SP ds, =0, c _ ds —d Fg -A S2 A -/ 
ds - E27 ~~ dsp 


& 
and Cos 0 ice 


where €p, = 


A cot | cc# 
c5> Sy: ° of 
S2y AC A ala AC c fan Xf 


Th units of Ls 1o-© Ex 7 000, Eyy = YW Exy=—-FOO 


2 Ext & 
@) eps For sla re feachy = 22 + 1 apm va e990) 


= — $0 t 1500 
“ € = 700, €,=- 2300 | R=1S00, 0C = — 800. 


Lin £0, = ae = 220900) _ 0,75 
© Exx§ — Zon ~ 400 
Ab = 5 6435 2.498] ned = 3687, 
b = 13. 43° 757° 


Etonene 
= F enal é) g. eme 
b) (Gy) = Re 1500 @ ou wi gs° fa) 


Mex. Shear 
Strain Element 


or 
venta tion REFERENCE 
( L) Sbemenr 


Since Exx is negative, line 
Clements in the X-direction 
—Deformed 
Element contract, and since Eyy I's 
bree prosikive, line elements 14 
lement, = the y- direction elongate. 
(c) Bee vies 2 by? bys F-6" 
a tive, the angle a* 
19 neler tham 172, where ye the “Linal ang le 
between the Ime clement inrérall, along the X- Axis and 
tha [the element initially along the y- ders CFI9.¢). 
Lsee Boresi and Chong, 20005 EY» -Q-&.6), PATE 39d 


Vraagerare pita, Ina Lone ona aide, 24 eho cv 
difrrmeh plane atin lek, ( Fig. a), ot A® BEC* OT 


U =AytA,X+Ay FAsxXy, U= byt bx+bythxy G@) 


“Ube fr conatan ly on U,mamoly 2,4), 42, Ay and ae 
UV, bo, by, bz, bz are delermineh boy Epa.) and 
Abe disp lacemale of- prick O, 0,6, and C. 
Thue, hy Ee Baud Fig. , 

Ul0,b)=0 = Ap U(b,!)=0= 4g 


U(1,0) = 0025 =a, uli!) =-0.0125=0.015 tA, (b) 
ot 43=— 0.0375 cont.) 


i 4 


Y'lb,0\=0=b, , V10,i)= 0.01255 bz 
U1, 0) =).0125 = b, , rij) = 0012S = 0.0250 + by 
v”, bs = -—0.0125" 


Aeufere., 
U(x, 4) = O-02SK — 0.0375 xy (c) 


Vlx,4) = 0.0125 + d.0125Y —0.0125XY 


(b) By Ege.€), 


=< UV. ‘am Je - —-0.0 yay 

G4. = 0.025 -0.0375y, BE 20.0125 - 0012S 

Be = p.0IZS- 0.0125 X 
J 


a4 = ~0.037SK , 
d 


By Fp) and @-62), thy Sreon drain Corrpernocli Cr 


xy fe + L432] A0253906 25 - 0.03 859375 yr0.c00781I5 9 


éyy = Hy t £189 Ga]= 0-0 12578125 0.1265 GIS peavenbass 


Cag aL (SE te + Bee aE, Qu )=4.00b 3B Las — 0-014 296875% 
| —D.00b228/25Y +0, 00079 125XY 


Exs = €xz = Cy 2 =O 
(¢) For Line OBC Fyz.a, Hre ddrekion Cotentg, are 
f= m=, m=0 (f) 


— 


Z) 
By. BHC) H anh G61), With xzy=lm atpent B, 


Mz Next meyy LAM Ey = — 0-02U37S (€7; 
Cont.) 


@) By Ege.) areD(A-81), Ahe tran Comprneite. fir ama 


Wes 


= 0.028 ~0-6375 7 
0-0125 —0. O12E* (h) 


— 


Exx = 


— 0. D125 Eyy = D, Exy =~-0.0187S (i) 


le CE F.(0)], 
-0-012.422, yy = 0.000703, Exy= ~0.0(9516 


€) Gy Epa.) andl), the magnification facdir for emalh den i 


Exx = 


M NG tM Ey FLL Exy =-0.015° (i) 


Hence, The biffrrrnie betioren the Huy aban 
at pout B LEGG) and tae ammall abicarin 
an ognefecediin LEg-A] +a 


(— 0. 02437)— (0-025) v1 = — 2. StZ 
(—).024379) 

() False 

(b) False 

C) Trve 

dd) True 


Wns etracn cornpenenle of Exanple 2, (/ Arg 
Ex, =Cy(L-x), Eyy = Dy(L-x), xy = 26, =-(e\lary? 
Ate, bog Hhe frorek of Epo. (2-83) the ahain 

plane Aan tb 


D bmx 1 Why — 2 226 b, 
Tye Ie aT * 
Sbetitadeen of E94. @) oly Fg.(b) yiethe, 


0 +0 


Cey= St = ACL-x) (4) 
by =e F B(L-x) — (b) 
2 by = $04 pe =0 (c) 
align of Ep @) aud b) apeeths 
us AlLx-4x) + YG) @ 
v= B(Ly-axv) +X) @ 
When XC) and Y¢y) arr fun cline of X aud y, Dreypecevely 
Aahelitilam of E91. (d) and @) duke EF le) yisth, 


CCon . 


2-61 cont. 


Vy) =4+By*4+Cy + D (J 
Xt) = ~CxtE 


where Daud E are Conelinls. Hence, Hy 
yt. d), ©) and), we obten 


U = ACLx - Lx) + 4By*+Cy+D @) 
u = BlLy-xy) - Cxt& @) 
By Fhe(g) and (L) ond the condcline U=U=0 pr 
K=y=0), we feud 
D=E=0 Ce) 
Anh by Epe.(9), RI, andl), an thy Condilipea 
Sh aE fr xzran, we food 
C=a0 
Ao, by &92-(7),@,O, and @), 
u= Al(Lx-ExPt£ By 
v= B(Ly -xy) 


(4) 


For cy kein hrccaf coorden are, x=F, Bad, Z=Z, 
du k=) BaP, yal, Mherefar,, the prick Thowe of oa Ss 
Grd Hb, frict Aree oe gs. 95) ag frotoet: 
nn = ELS AE B+ PRLS 
vw 
coe LAE + FFE OG BRI = ee 
Sete eae] Fe 
Anmitaly Ay Natt Ahr of Ege. @.84) sprelf beg 
Aor of & fa. (2. 6). 
2.64 | For , condin ates, 26 ¥=8 B26 ud Lz! 
A=V, Y= rane, Gen ty pict Ahre, of Epo 4.64) pil) 
ihe frat thaee of Epa. @.b) 20 frollewe : 
Con HEB ERO 4 SE, Ba > Be 
Spo = fl bet Kafe * EGE] E+E SE ag 
han oT. Ba i 
Ena = toa) Se tt Bret B) 4 reise = PAD + dace 3 
miler Tha lack Maree op Epa s\giell By bal Hate 
2 Eqs. (7.96) 


10 \F, coordinates, X = , Y= Ob, 22,471 Av 
YS1, uss 0/02 = 0, anh ucucye), w=vind. Msn, Eps. (2-54) 


U- 20) pp Wa] — Ah 


| or 


Lup t. av 
r + r 


A) Bavey Arak tr (x, 4, 2) Aceplecemole. Are 
Us CxXZ, VE Cye, w= 6, € (A) 
for Arnall itrpcnt, E¢s.(@) and (2.91) pel 
Vay =AEay = BE she = 0; Yna= 2Exg = Sele Meo, Ay Wye=26, pM ac, y 


OE print E, Sy Fig EA-8, 


XalSm, y=lom 2=2.0m Cc) 
By Epa (hb) auhO, 


Exx= 26, yy =202ry Eg = G 


(d) 


(b) LAM K apie Le Lang thy Lene Patron EAC. 
Why direditon Coacnts sf EC ore 
A, 270-6, m= 4-0-8 (2) 


By E¢s.Q),@),(Abl) aud @.c2), Me magnetics of Exy 


Ad 


Cxy = Gah + eee +A Exedy, 
= 26,604) + Cy 60.8) # 5G (-0.6) (0.9 
= IEC, + O64C; 
(0) Latah X apa Lie aleng ty Lint EF aud te Y 
dy A Lene ED (Fig. € 2-9). Fr hing EG 
4 =-l] M=n=), and fr1 hone ED, £=n,=0, m= —l. 
Tham, bey Ege.) aud (2.764), 


Vey = Z Ey = 2by 4m, =2&xy = 0 


C Cont.) 


~ @) For C, = O 00l m= Cz = 0.004 mo ‘Cs = -0-D0K, by 
frore @), (6), andl), we ota 

Ex, = 0-004, Eyy = 0-008, €,, = -0-004 

Yay? 2Exy =0, Vue ZExz = 0.003, Vya™ Ry2 = 0-004 


Exy =0-00032, Yxy =2Exy =0 
Girtn. Whe mall tbiarn Componentt, 
es — 
Exe AR, Ey, = Gx” €,= Cx* 
Exy = Dxy, Exg = Exe Cy = Fxz 
E¢s.(a) and 4.33) yield 
a a0 bx 2 bx 2B+0 = 
we” ye aL? +0=2D;, B=D 


24 ea nae 4 = Xie EAE => 2C +tG6Az= WE2; C= =D) 3A=2E 
Zz 


Psp 22¢ 
ow = 2=> 


2 Ean , 7% « y 
$ SEKY = os. Fax =F 40. F=0 
ae d2> Jedx 7 whe 7 OT OF 


rE oy 
+ xe = 8 ony ve 
a yyz Bee aay OT 


IPEix 1 bya 
+ _ *é 
ype a= _ + hae =>0+0=20+0 


B=D, E=1SA, ark C=F =). 


By Ega.(b) of Ex angle 2.12, fr 6= 45° 
Exx = Ea, yy = &ey Exy >¥(26~ fa &) (@) 


By Ego.@) and ODE HE 21d, we wt fed 


By Ses ete or Z.10, we bane 


Nan AG = 2 Es) —~ 26,7 fa- Ee 
Evy Eg ~& 


By Ege. o of Band 3.12, far 6= 605 

Gy 2 Ea, Ey? ME AES, 62 Gre (a) 

By Ep) and Egd (E) ondblf) of crauple 2.10, we ob lar 
€ = fat ep tec +41 Gea 4-6) + 3(6,-6,7] 


2. | 
c= Saree — FLlea-Greyhe qrar] 


By BGs. A) awd ERG) oh Exomel 2-10, we Pave 


ton ap = 260-2 G6) | 
Cy Evy A &g- &- Ee 


Fa thy rnecKinguler. Apts rveell, wilh Ea. 


Last along th, porline x azre of GY) Op ee; 


(4) 
Exx = a, Eyy = Ec By EG-(2.766) with Lams + adn, 


E,etGarlLer 24) bey, OF by = G7 Sat Ec). 


Hone, tin 26 = 224. 2 24-6 % 
Ex Ey E,-6c 


© By ep Of cnorp a 
R°s £m-€4y) +62 Glee ey+105- 6a &] 
R= +[1G&-&)+@6- -é,-€3]* 
By Fig. 2.104, 
6, = hGaxt hy)tR = EtbeK 


6, = L Gut Sy) R= £ (Et &)-# 


) By Fg. 2, the directs by 
Cosines of rosette arms a,b © 


are hal, mg=%20 hat y- 
io eS Mek ME 


Ro z-4+,™, = B , Ne = 0. 
There fore by E fa 2.16 a, b, ¢), 


Exx @) 
qf tz by +2 oxy () 
=4& 126, -Boy © 

By Efe. (b) aud (CJ, 
by =4-(26,¢26,-&), Exyakl4-&) & 
Therefore, 


6. -€e 
tan Ze = ASAI = W3C47 &). (e) 


Exxn Sy A &~ &- ec 
(b) Bu ER(O), Grange 2.10 and Ed A) ahd) above, 
= 27 ¥2 
R= (Ents Ns Ge = L1QE4-%&) +3 (,-€5]"* © 
By Eps. (0), ©) abt) of Example 2-10, and Ef2-@)andd) above, 


E, = St Exxt &yy) +K = 4 (bat &t€) +K DY 


G, = LX Cex t Gy) ~ K = L(EtGtG)—-K (h) 


Where R is ven by eg @ aberve. 


Continued 


Since 4 CExa t &yy) = SF (Ea t Gy t€e) and R 1s given by 
ER-(D above, Mohr’s circle fr the delta rosette 
1S shown 1H Fig. b. 


5Gt G+ &) 7 


Given Eg = 24S0M, Ga 136K, Ec= —1310M , pz 107° 
in “4 units, &f-—), Prob. 2.76 wields 

R = [@xauso - 1360 + 1310)" + 3 Ci3g0+ 1310)" ] = 2233.81 ©) 
By EGa.(4) Gnd(h) of Prob.2.7-6, With Eg .@ above, we hart 


2 


GE, 5 4 (2yS0-+ 1360-1310) + 2233-81 = 5067/f 


€, = 4 (a4sot 1360 -[310) ~2233-81 =—! 400-48 


By Eg -€), Prob. ab, 


ban 26 = V3 (1360 + 1310) = 0.9535 
2(1450) — 1360+ 1310 


LOH O-TEIL ref = YSCH° (Sex Fir b, Prob. 2-16) 
O = 21.82° 


(Exy),,,, 2 R= 2293-31 


When Orm & of the yectan vlar yosette js directed 


along the Positive X-ax's, the armc 7s d;rected along 


the positive Y-AXIS , Therefore, ©.~= & and Cyy = & . 


= + CExxtGy) = Zt (Ea t€c), ISy Mohr's circle 


Then oc 
CF ig. a) 


R sth (qo%- ad) =RCos ade 
Exy = Rsin28 =\CD= OD-OC = €,-£a+ €) 


=F (24> & &) 


Dy Ulett Al for ATSI- 3Btug eel E nike =D. 29, 
By Eqs. (3.32), nn - prumttal Abend nutans ane 


6 + ) 7 -VCG+G)] (a) 

6,2 bE], = va ; +05) | (b) 

é, Le VL 0, +0)| =D 
OL J, = VOT; +a) (C) 
Aubslihiters of Eg Gav Fes @ au (b} geld 


EG, = U-YOO-— velit) & 

= (VU, = 9 city) GF, 

delving Epa @) far C5 and Oy, 4 Leia KE and, 
Ty = Cera LEME + YG] 
= Gana Ll” £1 ONE] 

Fr. E> 2006PQ awd P=0.29, Efe. ©) and ©) hetpme 


gq, = (262.09 4 107-05 €)x10" [Pa] 


(d) 


(€) 


Tz = (107-056, + 262-09) x10? CPal (4) 
T, = 107.05( €, +€,)x ip? [ Fa] 


For point | ain TAR P31, G= 0:08 and 6, = —6.002. 
Mar, Efe #) a 
(= 1982-62 MPa OF = 332. 22MPa, J; = 642.30 MPa 


cont) | 


rr ford 2, E,= 0-006, €, = - 0.003. Then, Ege.) 
J, =12St 39 MPA, Ty =~143.97 Mm, T, = 32NIS MPa 


tikes fr patil 3, ut, and &, wt Rane 


Pot 3: € = —0-007, € =- 0.008 


Dy a — 2691.03 MPa, Gy = — 2U6. 07 MPa, T= 1b05-75 wpa. 


Powt 4: €, = 0-004 , €,= -0-005 


J = SIZ MP4, OF = ~882.25 MPa, = -107-05 MPa. 


font S: 6, = 0.009, €,= 6.002 


(p= 2S72.91 MPA, Oy = 1487.63 MPA, Oy = 171.55 MPa 

Ee] By Aub: A } for ALerninum Arg TO7S Te, E=726P4 

30.33, alu, by £56.33) Athy prininh Seaue posal 
nelitliing Ane. 


AN arn 
C2 inglne $P ERED ey] (a) 
G, = i Ss ——— | Vg, --V)Ex + » é; | (b) 
aa er hed t VE, + (IrH E | (c) 


of- Ahe wing (th, wing 49 Levi beuf), Ty =0. Howe, 
he pn Alin Es at 


é (é,+,) (d) 


z> ~ by 


(cont) 


Lbatiledling EF) iu Efe (A) andlb), wt Pein 


F=7 = (6 +E) G=F0G6t4) © 
Fr E= 72 GPX anf V= 0.33, Epa) add) reone 


= (80. 60€, +26.6662)x10* [Pay 


(f) 


= (26.666, + $0.90€,) x10" LPa] 


Gun 


6 = 0.4925 (é, + €2) ¢) 


Fon floint |Leble P3.2, 6,=~0.004 aud &, = - 9.006. Then, 
ER (and @) well 


T= - 483.2 MPa, dz =—-S541.y MP, &, =0.0049. 


Conley for pis 42,4 an Se Ba 


Point 2: €,= 0-008, €,= 6.002 


= 694.7 MPa, dF = 374.9 MPa, €3= -0.00497. 


Pot 3 : E = 0-006, €,= 0.002 
g; = 538-1 MPA, = 32].6 MPa, €, =- 9.0039 


Paint 4 < €, = -9-005 €,-=~0.b0¢ 
GF, = ~ 617.3 MPa, O, =~ 777.7 MPa, €,= D: D6bY 


Pont ©: € = 6.002, € = = 0.002. 


o; = 108.3 MPa, 0, =-108.3M Fa, &x= 0 


O 
| ve _ 500. _ 0.271145) | 
xx = Tx & 99 = 750,000 360, 000 = 9.0022 F0 
v 0.29( 500 +145) _ 
bag o— L (Oig + Ugy) =~ CPA EG™ = 0.000938 


L, = 800 (1.002290) = 801,83 ™™ 


Ly - §00 mm 
Lg = 10(1-099099) = 4.99 mm 


Since Ezz = €2x = fay = Oxy =O and Exx = ZEyy 


_ | Vv 4 
Eve =F Ox - FG E Gaz = 2 &yy 
UL Ve _YUGE 
Egy =F 44 ~ & ex zp Yee 
{ VY v 
€2g= O07 ge ~ Fee & Wy 


2 
xx (Jt 2V4 y*) _ 500 [1+ 20.29 +(0-20 J 


Uy = ary ye 2 +0.29-(0,29)° 
= 317.2 MPa 
Uae = V (Gix + Tyy) = 0.29(500 +7772) 


= 254.4 MPa 


3.5] with 03, =Oyy = Ge =-P and gy a= ya =O 
Akhy atnrse - 2tianr satalhichae hy ae CL 
— fh = KE FACE, , Cr bxxtbyyt Ezz 
~P= he +26Eyy C) 
a = AE +26 Enz 


A thdong Bye. @), wt rane. 


_ - Sf = (3h¢Be 
Ww here ro SALE i. 
~ 3f1-29) 
thinte «efor aug G ~ E/lalitv)] 
3.6 Awtially Hy, undefyrrmd wnt coche Dar robe V, =| 
a arrtucee ef by ry oa ae “ 
V, = (Egy) Cit yy )Lit Ea) 
= | t Ex tbyy t Egg + higher order Lime 
Lh, thangs any vrtme rb, with Bfe.G.30) 
AVeKHy = Exx thy +6. = ERE +g, tyres) 


There for, AV=0 for Tix Syyt Ga a0; Veh: 
Nel kt vat Kvey fr atl arakuss of uxt Cyy t a2 


fan 26> eT 2 errr +000 
Dex -Syy — 250+50° 


@ =~ 0.3921 100 


Ox + oe 2 2. a> Ey, 250 +50 i 
G, = ea (Gots) Ory 256 0-30, (2505 : 1°, as 


= yoo +2le| = Be Mle 


GQ, = 100-212. re Le Ms 
Ga 
We 

E, mae oe U; = E Up = 72, 000 72, BEG 0.00485 

é Beet Bg pe y Oz Te e sae 0.00299 

Be eee 2,008 rie, 008 0.00299 
| 3.8 | oo 
: ae = 30, 590 Mfa 


& 
aU 2(1+- 0.35) 
E x2 20-4 Tan -% (Cr + Ty) 
O72 = 0.35 (%0- oe e 140 MPa 


) 
_ DISCAL. 9 00124 


O 70, 
ree a4 re) = 55 G0 cee G2, 600 
230s 0.35 10 +140 O)__ 0.00105 


=e TOP 
oe . a O00229 


< oy a oe 5, la 29 Dee) 
Tyy aan iver) . soollbeoee. 545: 0Mn 
bxy =e Tm ~ e Ts 5nG G0 3 BIOS = 0,00200 
boy Ge Ces za Sd = 0.00/00 


oor =-0, 0012 
Exe 2- ¥ (fix + yy) > - 220, 225 (so + 345.0) = ~O, 001R3 
Lite GOO (1+0,00200) = 86160 mm 


mm 
= §00 ( + 0.00100) = GOO f0 


Ly ‘ate 
| oe ae (eR Ge 999mm 
= ——S 


From Prob @.78), Yay = 2E,—€g~ Ec. With €,3 0100280 by 


E15 0.00140, Eg = -0.0012 See by U2 O 20ISS. By Table I, 
Appendix A, Es 72.06Pa, y=0.33, 


OQ) Simey Sha= Tye = GeO Ege. Go32) reduce G 


Txx = oe (Exx t Evy) 5 yy] E (By + VE xx) 9 Gey? & Moy 


Oy tne [o. 0025 + 0.33(-0.00/25 )] = \L6.67 MPA 


Sy = 220, | - 9.0915 +0.33C 00280) J 2-34.54 MPa 
YY 1-033 


xy = £8100? (0.00155) = 41.79 MPH 
Y 21+ 0.33) 


[Sy Efe .@: 30), 


T= 4 Gxthy)t VEGF + Gey 


= > (168. 67— 34.34) + |(leee7e sure, “has 


C7.16 + 109.83 = 176.97 MP% 


671k 109-83 = —42.67MPa 


= Any = O41 | 1020-3414 md = 24S? 
Kx -Vy 0 


ik 
@ = {|.23° 


Reference 
Elament 


Principal 
stress 
Elemen 


4. (Gray ~ Unin = 4 (GG) = Z [176.9974 4267) 


mex: = 1094.83 MPa. 


(J) Of Tmax = L204 4S° = 56.83" 


Mox: Shear — 
Stress Element Reference 
With Ox, = GO MPA, Ty = 
= » Fyy = 120 MPa and Ky = 50 MPa 
E9s. (3.30) yreld a 


| 
Exx 5 (Gx ~ ~VSyy)s pq 000 (*° = 0.29% 120) = 0.00226 


= 7 ~ 3 1) 
Eyy = Gy VIqx) = = Sm (120 0.298) = 0.000484 


by = HG A8F 
xy Ky * sr ($0) = 0.000323 


By CfA: (€) audlf) of Example A.1O the principal strains 


elative to (x, Y) Axes are 
Ex Sant Sy | aera 
H2 zZ + qx byt Exy 
~ 0.000226 t 0-600¢84 + Jy. poprab—-0.000484)* 
a * / ¢-booaeib=t.boress t) 4 0.00023 


= 0.000355 © 9.000348 


E= 0. 009702, €, = 0.60000 7 


nd prrvineynad Moanin £4 Ena= 62-2 CGint ,) 


-~ — 0.21 = <0: 
200,000 (80 +120) = -0-00027 


For -30°) A= Bim=%, n=? Then by EF. (2-61) 


So" = fx pram Eyy t+2hm Exy 
= (8) | 5 \(-L) (0.000323 
A ~ (2) (0.000226) + (4)°b.000484) + 203 Ne) ) 


= 6.0000 (03 


S 


Bug EF-Q-30) Hr prin cipal stresses ye lative to 
(4) Axes are Fiven by 


~ Onn tG 
Tr ” ee rt Fix Oy 7 Tey 
~B0+1/00 + £0 2 z 
———  — | fK- 80-100 SO 
2 ) SE ) F 


JO + 102.96 = 12.96, —92.96 MPa 


T/= 112.96, df =0, G= -92.96 [ural 


By po.@.36), the crrrecpandbring frees coral Mand 
AAR 
= EG ~ YR PG) = Zaps att 40a BAe Dao? 


_l 6. 1.9L +0- 2492-1) = 0.00002 
6, = 4(Ti- VG - PG) = aha FO! ) 7 


_. ~0.29xl129b) =. —0- 000 6286 
6,5 +G- VG PG) = Zp 92.4, -0-2xlI2-46) = -0 


TI 


From Prob. 313, the stress components are, sa Mia, 
Ox = - 80 , Dyy = ]00, xy = SO, Txa = Tya = Fea zo 


By E fe- (3.30) the corres Pondiig s trary Components 


are 
= u z= s 
bxx = shy (-80 -0.24x100 ) = —0-00054¢5 
a - 0. 0006/6 
Evy = dap (100 + 0.24x80) 


- -0.27_ [_ 20) = 0.000024 
Era = oar ( 80 +/00) 


{3 


1-29 Oo) = 0.000323 
zi0,000 (5°) 


bxy 


For the directim Ao° coontercleck wise from the X-AXS, 


A= Gs 20° = 0-9397 m= sn 20°= 0.3420, m=O. 
Therefore, by EG. @4.61), 


a = (0.937 xe 0-000 S45) +. 3420) [0.00061b) 2 (0-731) 03120 oon . 


En 09 = — L.0)6 x 1o7# 


3.15 J@jThe fact tut b does not change means that 

Eyy Se (Gy -V Gin) = O- . Oy zs VO 5 0.332002 66 MPa 

) ¢,, = 10.2 L(g, - Phy) aha (200 -0.33.xb6b)= 0.00248 
“. The arge on a 14 $A ~0-00A48A. 


(c) The Change an Cvess Sectrénas drea is due to the strain 
In the #-directin CL to the Plane of the fizore). Theufre, 
Cae = E(Ga- Gin Gr) = Fog (0 — 08340 -093 xbb) = ~0.00|22. 
The reduction in dmensiom in the 2- direction ts 
6:00122.x 200 = d.ayd mm, and the change 1H AhCA IS 
0.244 x200 = 48,8 mm” (reduction). 


3.16) gn Epannphe 3.7, DT = 100°C wad an rncrede (+) a0 
Hermpeerolane. Noor AT= 106°C a4 a Breneseg(-), 0 AT=—100°C. 
Lyniharky | aimee Ake frrtenre £3 axiderngh, fp = ~694.4 hPa. 
With Akiae changer, Aby formuled Aewrep cn Example 3.7 
fot opprpcmelely for hun - oll eg andere ‘ Mint, by 
the formulas. develepeh an Eponpl 3-7, we Hare 
Op = S7Ib pp +0.8639(b1) =37-IK{-0.669Y) +0. 6639-101) = ~ ll AAP 
Opp = (2-48 p -0.8637UT)= 12.48 (-0.6844) ~ 0 863¢(—l00) = 775MPe 
Tig = bE pH127ICAT) = 4-29 Co.6999) —1-777(-I00) = 175 MPR 
nL 197461) = 10-40(-0-6894) = 1-9F74(-w0) = 172 MPa 


Contideup. For sramph, p= 6874, ATS -100%. 


E=103GP4, p=0.20 @ ” 
LF the &.Y) ayes creed with 


Exx, Ey, Exy, hy arloneceel daine = 
an thy hrselion of thy arma. A, b, Figure a 
Ouk OC are [tee Fee gti] 
Ga= &y = 0.00080 
ei 1 P LN 
Ey = Cxx (75) + Evy GG) t2xy(hYt\=0.0001I0 (b 
Sobpeny Eq (b) for Exy ) wr 6blacn 
Oxy = Ep —£ Ext Eyy) =0-00010— £ (0.00080+0.0004-0) = ~ 0.005 


Cc ont.) 


Neve, Dy X 4) ian Compras BAR 
Exy = 000080, Eyy= 0.00640, Ex, = -9.0005  () 
Ta = xz = %y7z=0 @) 
Wher 2 14 Ate ayy pepencaetot iti ies 
plane alii, Widh mongiro thten compgnonile kx, Gy, Ky * 
“Un. hey Ef. @),(), anh (3.320), 
Cag = Ta (Exxt Vbyy) = HH-42 MPa 


Tyy = Eo (Vb es a Eyy) = £06. 0% MPa 
Try =—5 bxy =~42-72 MPa 


Tne = Txn = On =0 (4) 


Ker. by Efe. (3.32), Lhe aonggne Midas lomponente 


Qr2w c 
Ox = — HE,y) 


() 


Auvte E=726Fe, Y= 0.33, Exx = 90-0010, Gy= 6.0010, and 
Exy = 0-0010, Ege, &) yield 


Tx 2 188.26 MPa, Try = 134-13 MPa, Oxy = su.iu MPa (C) 


( Cont. 


WS y EHO audHhe Hhad f Epe-@-37), 


Cmax =$ECGy) +0; = 60-53 MPa 


Xo, Hy derign egeirentel Mut Tag not syceel 
70 MPa an aitiepil) 


4 dhe 
G, = 752 (G+ ve.) 


EE 
Tz = jap E+ &) 


By Lode 4. | E=(106Fa, Pz 0.35. Then, with Aly gover 
d ala, G = 0.0015, €, = 0.0005, G4.) pul) 

G, = 402.97MPa, Oy = 126.49 MPa 
Nence, Conn ay =, = 209.97 MPa, > AopMPa. - Ahereleree , 


the Rearen Crrlengn Att or pot 5 Ee ape, 
[220 @) Fach ust eolesdlale Be, > ad B ad. 


frtlowdt Care Ege (p) of Gramph 3.0] will, ee Ey= 3,50 6Pa, 
V,. = 0-30, Ye = 0.38 and f= 0.70, 


E = f&p + Ci-fJEp = 0.10(72u) + 0.30(3,50) = 51-73 GPa 

yer fk + Fg = 0:70(0:30) + 0:30(0.30) = 0.30 @) 

p = 0-8) [U- Ik Je Hg> [Ve )ER roi + AF £ £ a 
ae 


= 0,70(0.30) |(i- sop det +(-0. sy eat N00) + 755 +3.30 


(cont-) 


Tarn, By Ege A) aud) Eg QReuh Cn) PE gampl 3:6, 


WH Ge = 17.6 GPa aud Gpal3s GPa, 


é.= a = 45905179 2 594 GPa 
A 4.63b— 0.30% 
ge py SLT ay: a. hp BL, BO 
Cra ~ f-v+ = 4.530—~0,30 _ I (b) 


C,, = PE = 630.3) = 3.46 GPa 
B a b-SRO~0-30™ 


C,,=6 = GpGR___ _ 27-2(1.35) = 4.04 GPa 
1b, t-f)G-_ — d710l38)+0.30(Z7.8) 


(b) By Egs (h) and Ege . (m) of Evawnph 3.6, Hy Atives- 
Componente 


AL, wih Eyy = a Eyy = 350M, Vey = 10001 , 


Tix = Cy Seat Cir Eyy = ears 44(350) = a7-60 MPA 
51h MPA 


— © 
Tyy = Cia. Exx #0, , Syy= 3-4L (S00) r tf. $ 


_ = 4.04 MPa 
2 Ge = 4,04(/000) 


By ER, Hhe atic cnvercenls a 


_—— 2 ~ 
ey = Txt hy 4 = 33. 36 , = Tux Tyy ~ Gy = IY2:b5, L,=0 @) 


o-Lo+Lo-l = 0 (g- *~ 33. 3b0-+ 143.65) = 0 


ov 
n = 4832UPo, Tz = 5.036 Hf, dg, =0 


he prruncipal Mises Ate are Hy root. hi, m,, ny 
¢=1,2,3, of Ay 2gualine 


Cont. 


b. GG) + me Oxy ti Sx2 =e 
Q: Gry tM (Gy Gi) tM Gy =O 
fi (x2 - Mi Gyo + Ni (> =O 
(+ any Me = | 
(=1, 2, 3. 
f—-oL TE =O; , ut Hew with Ox = GaGa =O 
D (27.6-28132) 4m, (4-04) = D 


4, laou) + mM, ($-26-28.32) =0 
MN (-%¢,32) =0 


f, = m+n = | 


now 2gicelioa yell thy ditch © 


f = 0. 7848) mM, = D.17SY, N, =O 
Aimilely fr T=%, aud T= 65, we £2) 
fh, = — 0.175, M,= 0-185, 4,2 0 


kL, =m, =0, N=! 


G) Binns xz = ora 8, Ah, &- in al 
1 seo Biche ferrin nPlra prom rhopact prep 
AM, Ad Jawer, by, With Exy, = 00003, Eyy 200002 aul Exy “0.0000 5, 


- + trlen. Exe = pak 


ie Ostraiy = 22.5 ° 
(b) Du the Quven stress - lout pelalignes, with C, = 1036-7, 


G = SS 6Fa, and C, = 276 GPA, ws» tart 


Tx = Con + GE yy FG) = (030. 0003)+ 55{0.000Z+0.000) = 474M FA 
Jy = C3. Cont Eel, yy =55@- 9003+0.000/)+4D3(0. 0002) > 44. LMP. 
Tox > Cr. ExxtEy) tC, Se = 55(0.0003¢-0.0002) +(03(0+00a) = 37. 3MFo. 
"7S 22G Bxy = 2(217.b)(0.00005) = 2-16 MPa 


x2 =Tyz =O 
() Arve OF 2 = 0, Whe Boys 24 a prarcpael tise 
Oyae, ccnthchtaphinialih hen cian 


ET ee 


— fee, 222... = 3 
Pstress = 2 re ld Heir e ae 


wr 


Pstress = 24-5° 
Tonte, frvinecprad ayer of aUicse anc nai do nterinside. 
(J) Anan pos AO, Ostyary, = 2Z.6° Fa Hie Aotrapir, Case, 
He tHiess.—iranin rebaliong ore [aan & po. .29)J 
= hE+2E Ezy, yy = het 2Gbyy , UgatAet26Sze 
= lGbxy, xe = 262, ' Tyg = 2GFy2 


Q) 
cont.) 


Dx 


Y 


whee, with EF =726Pa aud V = 0.33, 
= 033072) _ = 52.54 GPa 


As En 1-33(1=0.66) 
aE = 2 — = 27.07 GPa @) 
G ~ ZC) 2( 1-33) 
C= bay + yy t Gog = 0.0003 40-0008+0. 0001 = 0.0006 . @) 


Mewen, Ay Ege. @),(b), anh) 
Oyy = 5a-S4(6.0006) +26 
Tyy = FA-S4(q0006) + 2(27.07)(0.0002) 


27.07)(0.0003) = 47.77 MPO 
= 41.35 Mpa 


Tz, = $2.54 (0-000b) + 2(Z7.0T6.0001) = 36-74 MQ 


Oxy =2CAT.07)(4.00005) = 2.701 MPa 


Tx2 =7y2z =O 
Meeps, Hig aye. 4 a pereineypel Mitag ayes ae 
bs (k, WATE meet Ah, forinecpeal Mies. drpee ark. 


Pstress = clan, B04 Ee =F beley 262-707) 
x~ YITI— 4235" 


OL 
Cstrese = 12.5° 


@ Mn.thy ky plane, fr sieve, the dn aitellin from (4) 
JB frecgnuf open 44, WAR Oxy = ei fate fo wen 
Arclan re = parce 0, = 14.97" (a) 


Lounterc! ock wi se 


Porese = Z 


3.22 cont), With Gy = 15720Mea, Ey 29S MPa, E,=76SM Poy 
Yay = O-426, Yen 0-451, Ky 20697, ce 


Eqa (3.52) yelp 


V, 
x. Vay  OU2b = 2.786410" > Vax = Vee _ oust 5 
= — —H— = = 2-981 
Ey Ex 1S) 290 — Ex ex 15,290 aPPRe 


y, - 
272 Vye _ p64? = 5333x074 
EF, ky UGS 


Wath Ega(b) aned(C) aul rx = 7 MPA, Gy = 2:1 MPA, Ogg = 4-8 MPA, 
Oxy =I MP2, Guys NZOMPa, Gx2 = [040 Mpa, Gya=2LOMPa, auk 
Txe Oya =0, EgeG.si vielh 


G = LG - ee y 7 
Xx = Blkx - WE Gy - _ ay A TH D2) x La3}-0.000 914 
_ a “Be +h a Gz a = —(2-T5LK(0 Ny vee — (F.833x16 $2.9) = 0.00015 


y, “4 ci). —b05072 
€22,=- BEG, Gis bre {245 K10 )(Q-(F833«0 Hie) +7 a 


&, 
Yay =o ay Ky = — 


V2 = ‘i S 


(¢) With Ege), —- otal Flees the 
O bi PEP a 


stray pte Se =k wos wos —8 sania 


Bice, 2~ 12.27° (12.27° chrchviee) (e. 
Compantonof Epe (A) and (@) Heo Ahat 


Prives $ os Beroin 


et 


By Fig. Ev.la, THE LENGTH OF THE AODED MEWBER BDO} 5 2YOO 
THE Levatys of memaeRrs=s AD arp CD nee epeac To 3000 mm, For A 


GEV DISPLACEMRWT & THE ELONGATION of mEmMEBEr GD ss “<, AYO 


THE ELOMGATIONS OF mEmMBETS FRO Ana CO vRE Epc To OACOS@= O.F OG, 


THEREFORE, IN GENERAL THE STRAWS 1h MEMBERS GO, AD, wane CD ane 


Eno= 4/2400 » ExnX Een = AP uU/G000 = O.6V Es, | 


Gy SumMATION OF FORCES ACTING ON Pin D, THE sondD FP is: 


P=(Csnt 20, cos ©) A = (Opn + /E 0) A; 


WHERE Cas© =2S, O59, And Gan ARE S7TREsses “~ memBers GO avn AD, 


_ 2 
Arp (P= E6IS ma” ys Tyne CROSS-SECTIONA & AROP CK ERY G9. 


For a=2mm, &, = 0.000833<€, (6,=0.00//95), Ego = &, = 0.000833 <6, 


THEREFORE ALL BARS ARE ELASTIC AND 
Usp = 21/400 (.000933) = /76./7 Pg 


Uz5 = 21/900 (000533) = //2.75/7P 2 


cD 


Cno= 


Hence, P= (176.17 +(/.6)U2,78)645 * 229,99 £4 


For “429mm 3 E go = C0O/GE? > Ey 3 Cap = C2, = O.CO/OCP < ey, . 


GD Was WELDED, gr BARS AD nwo CD ARE ELASTIC, AWD 
232.4 + 16900 (,00%67) = 260.857 Pa. 


= Cen = 21 400(0.00/067) = 225.99 /IP>. 


P =~ (260.574 (16)225.99) 6495 = 400.78 kM. 


FoR = 4491mm 4 Egy = 0.00/FE7 4 Eng = €e, = 0.0ON9S = Ey 


Teo = 232.9 + 16900 (00/867) = 263.95 /7F3 5 T,,20,, = Y= 252.6 Pa 


Pz (263.95 + (/6)252.6)645 = 490.93 kW. (Cont.) 


4.1 (CONT/NUED) 


FOR GHzPmm, Egy 0,003333, Coy? € 


co 0.002.433 


Jon = 232-4 + /6 900(.003333) = 289.73 /4P5 


T= 232.4 + 16900(.002/33)= 268.45 Pe 
P= (299,73 t (4-6)269. 9S) 698 = 4ER.27 KV. 


500 =~ 
LoAD-DEFLECTION CURVE 


400 
P (ka) 


3800 


Gy Fis. EV./b, summation OF FORCES ww THE O1RECTION of FP 


= 2F cos@ 


AT PLASTIC COLLA 


Tae Forcé in Ency BAR IS VA And FoR EQL/LIBR/ Um 


= 2 YA cos@ = 2(252.4)érs5(o8) = 260,69 kV 


PSE 5 THE STRESS "THE THREE GARS /S Sr. 


- 


YA 
Pe = YQ4+ 2YAcos© = YA (1+ 20s ®) va aN, > 
dD P 


2 (252.6)(695)(/+2(08)) = 9236/40 Ya ° 


Let subcorj pt S denote stee | and sebcr;pt th denote 
aluminum. Then from Hependise A, E, = 200 GPa, Vs = 250 Ufa, 
| Ey = 72 MPA ad Y, = SVO MPA. For a 
displacement 4 of bean ABC, the strains (4 the steel 
and aleumrmum bars Aare, respectively, 4s = u/Ls and 
Ep, = u/La Thes, The stresses tn) the bares are 


J; mz CoE, = Eu/Ls and Dy = En, Eg = E_4/Lp ‘ 


(ven yertical 


(Cont.) 


Continued: For yreld of the steel bars, y= ¥5 bs /Es or 

Ua 2506'S) 20 6 =1-¢7S mm. For yreld of the aluminun bar 

u = MLa/eg = S006l-2/72 = 8-333 mm. There fore, the 

Steel bars yreld fire l. With w= I-8 281mm, the 

Stress th the Stee/ bars ¢s Vo = 250 Ufa, and the 

Stress th the alumimom dar is On = Fahy = 782s) (12. 
A Li /-2 


MPA 
@ At yrekd of the steel Bars summation of forces 
in the Vertical direction yrelds the resv/f 


P= PB, =k oh + GA =[2lam) tlaglod = 6.258N 
(b) Si lay ly at yteld of the Alombom bar 
P= P= ayenayg as [2am sgn = a aN 


A, aubtich ty daploetentad u- 


Fg c 


Fas 


Fig. a 
By eguilihiun, P= Fag + Fae Blse, The strana an 
Lack Gor ua €=U/L (Letom). There, fig?Gah= Fed 
a EAUu/L and 2 BoA=EEA =ERU/L = Fglas long as 
AB Armane e6sa0ie). Ab initio L ptdin be AB 
Fag= Yaot= Fan Thue, ab inckal ype (1 tenes), 
Fag fa. = Mag = AS04AS = b6.as kn. Thetfere , 
P= Br = Fagt Ge =C6.aS) = 12-5 AN, and 


u= Yaa /E = 250 C!)/200 = 12S mmm. 


Whon P= 204N, Fag = 6-ASAN and Fi, = P-Fig = ITS AN. 
Cont. 


Continued: Ther Ua Fach AFA) = = 13.7S0)/(200«25) = 2: 7S mm. 


y uneradevey, mente. AB hae dhited uber Wh 
Ladue Ly 1.25 omen end A lly wi comprnster 
Whew uh Aa fare, pidiaeek bog 1.25 mm ; that +4, when 
UL 2.78 ini kb Denin = 2. AS mm. The, 2-6. ackil ond 
Jac > Fé = 400 (0.25Y ho = SOMFaA. Thug, at grll of 


Bor AB wa Comepneeded™ P- Rc = Ab. 2S + SDxAS = —S.OAN 
When P —A0RN | P=-20= —~2S50Kn25° # Fe M B =~ (3-734, 


fund Usa Fs, KER) = — 13-75 6-9 /2v0x25) = —2./Samm. 


As P wincreact from. -204N % 204N, ph ai 

bara AB Can temacim) gece at Lo —-0: aS oem Cohan vncum 
an iu ‘ a: S0 mm). Then, B= ER YL ~ 200(2 6025/10 
= 125 &@N. They, Pa 6.254125 S.OKN. 

For P= Zo 4&N, fae > P-Faa= 20 - 6.253 13.754N 
And agein, u> Feel /ep)= '3-75C+2)/G00%28) = A.7S de 


(75° j-2S 
2000 «9.78 
— 5:0 eas 
—J00 —2.75 — 
SO ORS 


HO g.1S 


f = em at GIGI) - % a) 


Dag. EF opp Trad 
7 E31), the nonanning 1a pe yoo Hite au 
_ Oth 
0, = Son. + | 2GoG)* iG” = [0 +7012 = 106.77 MPa 
7; = [) -ToVS. = — 86-99 MPA, with 5 -GOMRA ty? 80M, fo 2M 


(b) By Efe 4-9) anh G6), with Ta = 460 MPa, 


f -GAG-°G) - a =O. Thotfre 


Co _ $60 
= 777 OO = 3.63 
TPT 108. 99—0.2 08.79) 


Ae sn Crick $7, G - 
with J; =/b60 MPa. &. =O 60 MP, 
Oe 2% x2 = Te be 
 etiagee aoe ‘ . 


Ty = 12 + [liege eg? = 804100 (80 MPa , 


(y= 80-100 = -2OM/a. Also, Gg= Ge =°- 


Given Ox, z [SO MPa oxy =6S MPa, yy = U2 = G2 =Ga=5 
7 


Jn2=0 1s a principal ¢ tress. As th Prob. 7) 
the ofke lwo prorcgpof aliaetee Arg 

T= i584 / 465 = T54 9925S = (THe ASMP 
G20: 


I, = 75 -97.28 = _~24.asmPn, ako %- 


Comtage = + (Grea ~ Graig) = L (174-26 42425) = 99-25 MP 


) The Tresen eriticum apace 
. ) _~L ; ops de = HE = 227 
(SA) Cae = EY 7 SP PARQ 2c) 
(b) Th. urt Maiee Crile pepsi | Sex GF 7 
SPlg-aS+G-ay+ G-o)]= SY" 


Thad By eu 


F a i 2 ee ae 
6 (g-ayresoas™ [gas egret iies! 


= A.317 
Wh, C22 = 0, we tiow G,. =Vh, ty. ). Also 0; =b0MPA, 
Tyy =R40MPa, avd * - 
sam a, C4 =~ 8OMPa. Soi Exe =Ey2 =0, TraGez°. 
Tea 1S A Principal stress; Oy, =0.29(60+240) = 87 MPA. 
-L(g, Syy\~ 
par ax yy) + (Be, = 150 120.42 = 27043 2158 
, o blenny thy Ass J, = 270.42M Pa, J, = 87 MPa, 0, = 29-SYMPA. 
00, Coney = “(Gog Srre) EEG) = 120.42 Mi Tonefor, 


= 4 ra Y= £99 _ = 2.035. 
SE) Coma = mF x 2 (/20.42) 4038 


With Eng =0, Tan =? CTaxtTyy). Bheo, Tyy = GIMPE , 
Oyy = 2u0mMPA, aud Tyys-B0 MPA. deme Exg = 62-0, 


Ox, =H2=0. Thefre, Ozz2 Ad a prregeal alba; With ¥=0.29 
tae = = 0-29(604200) = 37 a (a) 


= £GuatGyy) + 2h. a 
Oo = JSort 12d.y42= 270.42, 29.S8 [Pag (b) 
By Eps. @) aod (h), rrhering thy prraiacipelalisegse, Aare 
Tr = ANZ MPa, 0; = STAMPA, Oy =29.56MPe ©) 


By Ale cUahelral thear-abrcee crrtercr Ler Ey. G4-29 and 


-21)J , n “ . 
a izle Hoi) +G-&) + (G-GYI=5Y 
Lrdaekueing a aafel, frelor, SF we Dane 
SP TG-ay+ G-Gy+G-W]=457° @ 


By E ge.(<) avd, with Y= 490 MPt, We oblin. 


SF 7) = 4-249 
LGi-&)+ G-4) *+(G-5,)* 


Ao, Hhe octrhedral shea te, vileurt prdicle a 
safely factor that <4 Larger by (eee Croblom lo J 


(2-284 2.035 | xy = 10.5% 

2:03 

tiaw that prradicted bye The mapeimum thea - thie 
Crlergy 


gr 


dn th, ® Bisel, Te, = 0, A a prsincinab atebed 
be “ths pasion, the Han prurcgnad ATiselse gue dy 


(a) 


Wilk Gey = 120 MPA, Tyy = 50 MPA, aud Oxy = SOMPa, ERG) 


O-= 194.03, 23.97 
Ordering Hy fereeaczeaf ATivesee , W* ohlaois 
y= 146.03MPa, 5 = 23.97 MPa, J =D (b) 


@) Meg A eye mon Arar be A, wath Ef. @), 


Lng =E(G-G) = 73.02 MPa (9 
Wy mmeorprinume hear Trane Criterion Lt, with Aas pada sr 
SH leg? bk? j) 
By Egy .(c anh), with Y=300 MPa, wr oftan 
ten eee 


@) “hy octahedral ahunr- discs criterion in, With dafltly fuiloa SF 
4s fe 6) +G-G) WG sy J=ty* — @) 


S ustikidhing Egs.(b) arts FY) and actrey for SF, 


SF aw. ai 


Which i 7.8% Larger than the safaly footer pedicle 


(SH lme = SF (0;-02) = £Y 
Maafar, by Eg.(6), 


— y 
SF TF ~T 2. 


Ch) By thy octahedral chaer - cticee crileruirt, with dofely 
fol SF, 


$2 [a -G)+ (g-G Se G-a)]=4y? & 
Aone On = 03, Ey @) yields 


_ | y3f3 
SF = woe (e) 


Mhur , th, dame taflely fack; 4 pbLavie air ports @) oud b); 
Efe-©) and e). 
Fara, Contidn Ay rectangular Cree acelin , Ch, 
ethic - phaclic stress ital a2. abroen <n Fag. O° 


By Fig. a., Ms olaati-plealic momeit 4 


M =2YL(o.th)(b)(o-4sh)]t2y [4 (o-4h\b)($)(0-4h) ] 
ame bath, cu Arne of h and Y, 
M = 0.0983h Y (4) 
Ader, by Fig. &, Uhre Moxermum elect moment 4 
My =2y¥L4 L (6. h)(b)(2)(0.5h) 
OL an et th hand Y, 


My = 0.0833); y (b) 
By Egs. @ andl), 


M _ 1.240 
My 


Fire the T- Dispch ean, He best, feaclc thie 
tthe a thou in Fig. b. 


aa 


By Fig. b, i Ge 
m= AY LOBED + ACHR) 8 


62 


N= 0.0557h Y (c) 
Alo, Ay Fig.l, he mavemum slags manned 44 
My = 2 y(etayct) (> Ay]. 4(d syLZGay 4 aX #2) )]. 


My = 0.0492 hy @ 
By Ege. (<) aud (d), 
MM = 4,13 


M 


HAS | he bhayhie dhe Mate AA Abe 4¥W— 
Fig. a lp tae Cron ection . By Fig.a, 
He = ploilit. momo +8 

npcavlayeye) BS EY 
Mo= ZN, oF 
=o1skhy @ 4 
Whe mayemum cheater, 
Moment A [ase Prob. 4. ly] 
My = 9. beaxhY (W A 
By Eps. (G) andlb), for the 
lapel cost + KY 4 
Me _ <0 Figure @ 
My 


Ccont.) 


|b, t rere AtAt for the L-shopck 
een ia abach ox Fig bo By Fi. by Za fly plc 
My = 2 VCR NAY + 2y (CaN GB) 


r b= 4 
"y = O.06Th vA (c) |= ac 


. Ly 
Ane rragamum thalic pp 
mart. (ee Fo, 9 a 3 | 
My = 0 on7zhY @ pak lah 
10 ! 
By Ege. ark td), 
iy 


Mp |.24 th 


10 
y Figure b 


#16) For Ae rele OG LE 
memevt 14> Mo ORE Cac we Urls) 
thy ebectic Urey Lichibrtion yith M = Mp and 


y postin pererd (Fig), £6 y 


ih, pathy - plait 
chette Miu etste fr M= Mp are ebpun rie Fg.a. 


Mp = 0.0610 hy (2-02 Prob. 4. 1S). 
We eDaslic, tiews dinbiibullin, }—y 
With M=Mpaud y peadne 


pusrard (Fig. c), 4L 
g = — Mes | k-0.50y 
Figure b 


Wd - 4 Lye Hh anh 
1, =aLkQey+ (Be ah)y be Ab 
a CRNABY 


3 
o.0b6I0hY . _ 2-480 y 
0.024bh hn? 


Figure Cc 
(cont.) 


Y . Fig: Lh 
CLhe M2 Mp an eran 
he he thic 


—4{ sa. 240y 


-—> 


’ oY 
—4  ke—0-24 
OY 
oo Figure e 
Mra creed. sbchign, 
dishibaution at tHs 
T 4 over athe 
Aine ithe eT BY rot 
Are bef oben = 
“= artad CFg ° 
Aho thy N-N Aye | ofa 
es with Y = 260M 
priate b 7 


100] 
b(0.050)(0 

6.050) (0.025) 4-0.20 

= YJ (6-200) 0. 

M,=/ 


-_ 


= 326 ANem 
Mp = 3 


pe k-y +4 


T" Y 4 


200 mm 


L 


| Figure a 


fly pbectie base, Ah, Leite aDrier of unlroding ia 
Gp=—MeX (a) 4 
ty rater 
k— 200 mm — ye Ky 


whee ty, direckfpeunrd, 44 (pull pl 
A, cachrbd ayia Fig. 0) bud’ Mp 14. thy fully - pleilic 
rnd - Buy Preb. 4. 17- and) Fig. GQ, 


Mp = 325 4N-m Oy) 
A = Area = 2(200)(61) = A0,000 mm* 
AY = (200)(50)(100) + oN SH (225) = 3.25x10° mm? 
nA Fs [62.5 mm (c) 
T, = Le ( 50)(200)° + (20050) (62-5) * | 
+ & (200)(50) + RON S0)(62-S)” 


Ty Sh ISSH DE mamta 1135x107 Fmt) 


By Epa @)) anb(d), Way lake steer Brivtihulire A 


Or = — 286.34 to'y 


—~*For “Y= 0.0875 m (He Lop of te beam) , 
Og a ~ 25D. 65 MPa = 0.904 
doer = ALOM Pa. For y =-0.1625m (thy bottom of th, beam), 
Je = 465-31 MPa = 1.770 / 

Aubracking Hos hart. aieee proom th, placte bine, 

2 obtain Ahy rraidual der hitibilgr Or 

Ab WK Ain Fig: b. 

Gt tty Top of My heam Ip Op 0-036 = 4.36 M Pa, aud 
(Cont) 


= 6.770Y= 205.1. MPa, 


Ty 3L bh = 3 (200)(300y" 


oer 
1,3 150x10%mm't = (Sdx10" m+ (4) 
By Aly Pligant a 
wath Os Y= J40 MPa, 
WWermeit 44 k—— 200mm —— 


My= YT = (240xt0)is0x10) — goqN-m () Figure @ 
c b.R00 


(cont.) 


“Weam the cormpreseion Aree, abrre thy apse N-N, -mecsthe. 
ts He, Hensien area, Melrw the dyed N-N, when thy 
Crped Aacbiiry it fully pleilc. in Hhey yorbe, by Fy. % 
f= £ (200) (300) & Beha 
A, zt bh, = A= 30000-Lb he () 


oy ee 
> es 


Pa 
hy 


By E ¢a (c), 


h, = 87.866 mm, h, = 2/2+ 132mm b= eh mim 


A,= f= 15,000 mm” = 15x10" >> 
with Ege W), wt plat the fully ——- 
Maun ay Fig. b. By Fig. % 
wath 2 240 MPA, Ay perllg 
pact reamed 4, with Ay= Az, Fy =F 
Mom = A,y (0.0707 +0.0 YbYNT) | 

“ee )/2uorips)( (0. NT 1b) rea zeae 
My = y2le77 RN (2) 70-71 wm 


x 
Denes ba Epe-@) ank(C), 


Me = 2.34 
se 


Rocetal) 133.33 mm frm the hate of Ae Arapeyrid CFig 4). 
We anament f cnertin _ Archery eh area relat; 


x £ (100) (300)" + (100)(300)(16-67) + 100 mm —a| 


+ J-(50)(300)?+ 2(597(300)(33.33)" 
Ty, = 3258/0 mmite 32510 w¥ @) 


on 


spas 


dincdog Abe creed tection snl Figure a. 
Lpcal Artec (Fig.a). By Feg.a, 
Ate area abrne the N-N Quen 44 
| 00h, + (b= 10h, = +-bh, + 50h. = 22,500 (h) 
Ade, Ag Fig. @, 


loo, = (b-106 
hy 


(c) 


300 


Ths Aputarn of. Eg (b) and@ AL 


b= 158.1ly mm, hy = 174.342 mm (4) 


e 
4 4 h, = 300-h, = 129.658 mm @) 


Die cttee dictihulin fo ate folly thes cree 
ALion Ai Alewn on fe By Fig. b, Mar perlly- 


Elastic 174-342 mm 
stress 


Mp= F(0.080bi4+0 065174) YF (0-454) 
or with, = 300 MPA. and A= 45x10 Mm 
we tiene 

Mp= 184.8 AN-m (f) 


By Fig.a, Ep-@), aud Ay Pwr Foire f, 
Moment, with T= VY (ec Fig-b), 44 


My = Yte { Gooxi0')(325xip-*) _ cgy.gkN-m (B) 
a a TT. 


(Nenes, Ay Ege (F) avd (4), 


Mp = |.68 
My 


A = 0080) — 3040) = 3600 Mm = Z,6xiIn m= (% 

(te, by Fig 2, Abie moment of. inictin of thew y 
Artin At, about the coitiardel apie X 

. |____40 m . 
T,,=4lbollb0)~4{30)(u0)” r mM —— 
°° y 

2 Om 

T,224iPm' 5) m T 


=2-yrid mt 
homm 30mm 


By thy flee 


eile, moment, My, 4 


with T= =2SOMPo, 


My = VI = @srrioH(2-vx10-Y 
Yee: 


0.040 


formule Fy A, any | 
amd Eph), the mapionony 30mm —a 


Figure a 
6) vi 


Oo” 


My = 15.0 RN-m (c) 
Wg furl pLaske atiass dictibulir 
win Fig. b. Why touted histone. of Hy areas bore 


aud) below Ah x ie 4a, with EF), 
G O(40)(20) ~30(20)610) — 23.33mm = 0.02333 m (d) 


Ge Te 00 
(cont.) 


yun a 


F =Y¥4=450 bn 
0.02333 m 


Zs 
+ 


0.02333 M 
F=yA -4504N 
ry 
Figvre b 


Mp Aa 
Mp = 2 (480)(0:02333) = 21.0 RN () 


Ao, Ae Ege .(C) aud @), 


Mp 
—_—— = » a) 
Me 1.4 


By Fig. a, Hy area f thy Cutd. Ahkigg AL 


A = 1500 200)— 10000 =.20.000 wm = 20x10 n> (A) 
Che aubrorduf apie 24 Agcated ot 0 bilance ¥ from the 
hitlom of tb, over 20tlirn, wher 
AY = 150(RoaLi00) ~ 10061000125) = 1,750,000 wari? 
ou Y = 1,750, 000/20, 000 — B7S mm = 0.0375 m 


150 mm 


[100 mn — | 25 mm 
H2a.5mm 


25mm 


en ey 


Figure Q. 


Men by Fig. a, 


3 
TL, = + (150) (200) + 150(200)( (00 - §7.5)* 
~ +. (I00)(100)" — (00(100) (125 87.5)~ 


Ty = 82-292K10° mmit = 82.afaxion’mt — (b) 
(tent. ) 


"iy fig a wud bp) walk ony = B0OMPA, 
Lsvmuct, peels, Hag em epimune Hadtie 


M,= Ylx = 2on.8kN-m = (CD 
yore 


Oth, aya N-N devhee the cree —--eoctimel aren 
Avy Hino & artad A/2 = 10,000 mm = 0.010 m™ 
a Fig, bo By Fig. b, Hts fully ~ plactie monnit Mp 4 
Mp =@-80x10°)(0.075+ 0.03333) = 303.3 RN-m (d) 
Shy Eps Cau, fy 


F:y4- 2.90MN 


75 "mM 
= 
33,33 mm 
66.67 mm 


F = Y= 2.30MN 


it 


Yo 


Figure b 


Ms porerah Piste dicchdire or Athy Beam 


moments abecd b, Wwe oftamn Joh y Lectin Be beng 
scinen ty shasta, aud plate. regime of the bean, 


int 


Figure @ > Lo 


Figore b 
M=AMy = 2 (4 -by(L+¥) +24 yoV)Gy) @ 


By CF G a), 


| My =+bhy (b) 

So, Ay E pa. (A) and(b), 
p=15-2(F) © 
Ds pect of bg (0) 4 thru os Fg. b 


Me aywornonk AL (ater Prob. 4-23, wilh B= 1.25) 
N= 1.25 My (a) 
= Ylx 2 
My= Y= 4 by (b) 


By Epo. @) adh), 
| M=£-bhy (<) 


By Fig a, M=EMo = al-e)by (Ate) ah vey Cg) 
Bgualing Eps.@) andl) fb —4 
We fend) | 

| h 


Com Pre Ssion 


) . B. Elestic-Plst; 
sos 
thy atiarn € 44 | M2 k25My 
A Lerieans frcuctim fy (Fig. b). Figure a 
at yze, €= W/E, whee Fig the | | 


2=0.353bh 


Figure b 


\(b) WAR Ma I2SMy Hhe beck 
») Mest 
Apetn. Aeheg el 


Pee wy FEY). SY 

Lon = ) 
dishihlirn, ee a ak 
ae Pig ee, 


or) "fe oasy | 


HE 


(b) My = atby( 4 -£) +2(b-t)2 Yt ($)(4-t) © 
x thh(iet yy 
Mp =2bty(2 ~£)+2(4- _t)ye(aXt-) 
= thh (1+ 44) )Y 


4,25 Continved: 
(<) By Frys. @) and O), 


dMy = alo axdy-y] 
SA pimp ay 


“ay oD ny 


By Figs. @W and (Cc), 
dMp = alo ax dy-¥] 
= ay glee 
Mp = ay [gtr =$ry : aa 


() By Figs-@ and) 
dMy = 2 (andy r-y) 

= 4b (eB )dy 
n d 2 

My = [rare eels 2uL 

By Figs-@) amd ©), 

Mp = apaxdy TY 

= wy es ¥ dy 

7 - ney [ (y- y= BEL 


x= b(i-») 
@) 


3 Me - 2.0 
f+ He 


raid 


(e) 
y,+3.96t, T= 31.90? 


My = YI: $05 Yt" 


Y= 4-.687FE 
3 
Mp = /y. ugyt 


} _ 50,000(4) , & 
T= os AIO 2 1542 Mea; T= = TOGO | 0 c00g3ceT (MP) 


@)Eq (age) gives 
Cape \yY-o%= we V330 ~19%.2° = 166.9 MPa 
166.9 
T *spapeger 7 262.2 Nm 
(b) O= sr £2 1.75(/59,2)=278.6MPa 
2 2 C 
C= pe/330 278.6°= 102.1 = sre. 75 (0.0006366T) =0.001l14 T (Nf) 


_ 102, | - 
T* ogorr@ 727 Mm 
P. as Je 30,000 , 1§0,0000Y 
Oo SER) SFL awage tage = SP%9-27) (te) 
a Te . 250, 006(/SH(2) 
C=sp ee seepage sE(¥7.16) (Pa) 


Eq. (445) gives y*=o0%+ 497% 
— 280+ 
SP aay marge + EOF 
A= 2T7Rh= 2G) = 2513 mm TeAR® = 2519 (20) 2 [00,500 mm? 


Re 
Cine = SF ES £ = Lee ou) + H9O(5H 000) - 576.6 MPa 


7 
Gay = sp BB LICE NY - 392 1.1K ; (=p E: L90TCY | 9 9993997 


100, S00 
Tex +0, Oxn-Gy 
g, = Fee, [(EGe)* CO? = Tray 


OF ‘a . 
Ja = aS (ay +7? = Omin (ist assump tion) 


0. Omin (2nd assumption) 


[st assumption (Eq $15) 


Cmay = Tay Poin - _— /( tees oe) “ore 
2 _ é - é 
UT: (| ~ (Pres fas) = lemere, = 339.8 MPa 


2nd assumption 


(nay = ee Toe t Toy ri f(s wy?) re 
Wy 
C= y— l* (BB) pon EEA (EE BI))* = 0.0 Pe 


-~_ 300.0 46 
Ts 50003977 *§ LO NM 


| 431 ]M = 30, 000 (250); 7 = SF TE 
T = 30,000 (00) ; csr 
Substitue Cand Tt inte E 9. (4.45) to obtain 


/ 
. _f 3265 é 3 
d min = [ 22Ge) [ny *, za]? = [ 32(2e! 7,500,000 + 6,000,000°| = 872mm 


7 (2.76) 


| 4.32] Substitute T and C from Prob+ U3] into Eg. (4.46) to eetaln 
dmin = [BOP fina? nary? = [$222 (500,000) + 3(6,000,000) *s ELT Mm | 


| 4.3315 Mo= 799 a oo coL iso] E0000 =0 3000 N 


R,= 600 OT! 600 V 
Mmay = [50 Re = Me abou: 540,000 N. am IF 300 mm 


T= 3000(ISO) = 450, 000 N,mm # 


dosn = [22651 fia® 77] ?= Pilea P9007 190 


2 5.5mm 


700 min aj (50mm 


6000 N 


4-3 
4-34), 540,000 Nmm 3 Mgy= 360,000 mm R.-1800N  ap90y bx = 1200n 
| 80,000 N.mm Mey = 720, 900 N.tmm 


Mey =! 

2 2 
Mg = Vitex +g, = = 649,000 N, mm 
Me = = V Mex Mey = = 742, 200N,mm 


T = 950,920 mm Cie Prob i. >» 5 . 
320,85) 
dima a 7 290 7425200 459, 000 = 383 0B =1200W 000 Ry 
|\435/1I _ mR? 1(sD 24306 N 
Cc = EEO 93,170 mms - JL TR" TE 30 mm3 


a> pe 
Pe> Fy Reh: 0.5774 P 


Ng = Ay b= 100 fx 5 Mox= 300 P,- 100K, 7-5 7.74P 
2230.467| Mo = - 300 k= -173.22P 


Mp = Mp + Mg = P,/é5774) 5 (173, 22) = (82.59 P 


= Ne, Mo6_ O<.5774P | 182,57 P 
Oa + "= Srpsayt* Biro = 9.001994 P 400 mm 


_ TO. 230.96 P . 
T= 196,350 > OO00!'76 P Np 


Vo 74 37% 
é é v4 Ilo i 
¥20 = Po.001934  3(0.00 1176) ; 


P=142.5 kN 


Te ag 


% 


0 


03+ Gz= sr SF — = 56 255900 | 5p 5D, 200(0KY) 
7 (lo)? 


= SF (193. ey 


Ty te . 120,000(IO(2) _ 
; SF = SF Og = SF (76.39) (~~ {De + 
) Getimay = (2Y* = SE h(i 3,24) 6 (7 ay CE * 


SF = 2.05. 


2 
“ er 743, CY 2 
(b) G2 56 28 + S$ Y[PRE) + (16.39 = SF (162410471) 


= se (176.33) 
ge = SP(71,62-10%7)) = SF(-33.04) 


Tito) 7 | My 


__% (nega tiv e} 
Tmax Omin_ | ¥00_ SF (143. 24)-SFC3A.OY 
~“@7- @ 7 2 


() tan2o- Zs. 20-7639) - -| 0666 ; Cray * 116.3 MPs 


@--0.4089 rad min = 331 MPA 


(a) Coct(max) = z 6 vy = + 20g +6 Te = 3f (2(/13.24) *, 6(%.34) * seeog) 
SF={.78 
“Cmax -Imin . CO - Up 176.33-C33. 04) 
(b) may * max ie = x = Cy = 200 = SF 


SF = LG) 


My = 150 (1500) = 225, 000 Mn i My = £00(600)120, 000 N.mm 


M = (MS + My = 255,000 N. mm 


T = 200 (1500) = 300,000 N.m™ 


Mc 
Po Me. 600 | 2s o00(i0)(4) _ 426.6 MPa 


T= a+ * ange* ~ 7io* 
r= LL ~ 300, 00002) 
a 


Tmax = 7 (Z)*. 7? - ¥ (8288)? m0? 


Ye 502.6 MPa y 


$.34 


ec P . 2.00P ape THs EF L& = 20h, 200, 009(2HA _ Bh: 
O=SF--= Tag * 0.001019P; T=5F an 775A 77.8 MFa 


Pez 1%. kN 


2 ec 2 2 
(6) loc t(max) <5 fer. er? =4 6 ty 5 [eivo)* - 5 2(0.00/019 P) +6 (978) 


P=170.3 KN 


~ op lS _ 2.20(396, 000 INGY 
= sro = E20 FeO MNO) — 848744000 (pa) 


T = 200(1800 


M = 200(1800 +180) = 396,000 N.rmm 5 -[80)= 324,000 N.mm 


- sf Th - 2.20(324, 0oNDGE) _ 3,6302000 (MZ, 
C= SF = oat = 46302000 (fa) 


2 
-HZ)*, rc 320 _ 1 ff8,874,000)® 0 
Cmax = ($) i a T° -ti2Feq (82874000) + (3,630,000) 


d= 32.97 ™™ 


660+ yg0" = 816.1 N.my A=2T7RA ; J=4R* 5 I => 


Mc _ G8) . 80,000, 316, 100(4) _ 172.5 Pa 
IL > Bly + 1005 7 909,000" 


_ 35600,000(40) 
= TE 2 2200000000! - 89.6 MP 
J 1,6 08,000 89.6 Mra 


Fa 2 
- Gate (Gate JC? = [Te Sel0Hs, de 5H!) $89.6 = 2343M2 


2 


g, - Ke (ae 2 22 1395-958 = 42.7 1Pa 


Qo 


Y= J, = C343 ” Fa 


3 5 3 
Cact (mag= 3 \G-Op) (o-G)+G-G) <3(2Y*= 4 234.3- 42.7) + 42.7 Cena 


> 216.6 Pa 


73 
% First WRITE EXPRESS IOMS Fole BENDING AND 


SHEAre STRESSES (NH TERMS OF THE APPLIED LOAD 


AYD GAR SIZE: 


MG) 


I 


Sups7ntaté Eos. (a) ¥ Cé) saTo Eo, (4.45) TO FrvoD THE 


RELATIONSHIP 8N0NG WANETER b= aL, y YELO STRESS 1, 


momewt 17, AYD TorG@uae 7 FoR THE MAX. SHEAR STRESS 
CRITERION § | 


2 
(Z)i rte F& (4.48) 


(22%)", (42 ‘x 
and? awake) ~ ~F 


SoLvE FOR Wy, THE DIAMETER AT WHICH HELD 


OCCUR Ss * 


6 
ef (ery 


Mow svasnTuTe Egs (3) § (6) sre Eg. (4.96) For THE 


von Wises CRITERIEn: 


20°+67* — By? 


9 — ¢ 


(4.96) 


4.43 (cont. 


vm 


2 
/6ET 2 
es) t 6 (5) = 2,7 
vm 


SOLVE Fore L, , THE DIAMETER AT CoMiCH Weed OcceRs. 


é 
1027/4? ‘ 
f= a (ef) 


Take The RATIO OF E@s. Co) ¥ (c) 


BEVDING AND SHEAR STRESSES ARE (SEE soz. 4.43) 


32/7 /E 7" 


v= = —Z 
To? 7 Tat 3 (7) 


FRom E@s (2) ¢ (4.95), THE GAR OvAameETEle ASSOC/ATED 


wTH YIELD (Ss (SEE Soe. 4.93) 


of, = 6/lozy (7 7?) (4) 


rey? 


THE mALIMidrn PRINCIPAL STRAW CRITERION, Eq, 45), 
CA) BE WRITE AS 


7 - VG 


FOR THE BIAXIAL STRESS STATE (G, 7), 


£e.(4.8) CAN BE WRITTEN AS 


(< + rR) - VY (£ -fR )= a (c) 
2 
wHERe R=V Wr? , 
SUBSTITUTE EQs. Ca) § Cb) ‘wTo Eo, Ge) AvVD SOLVE 
For THE 84 DIAMETER dh= Cl AT toHtcH 


CPs 
YlECD OCCHES. 


f= “S/ 16 (1-v) + le (+P) 11247? (Sf) 
ry 


TAKE THE RATIO OF Eos, (¢) & (6): 


G 
_ /6/(j-y) + 16 (1+V)yr1? > Tr? ii 


lo24 (4*+ 7?) 


_ 


EA 1 G18, be by Meaplacemota of vieaghte 
W, , Ws, W, ; Arapertoraly { Fig.a). Tee Afrung undirgoed 
Mongetion ¢ preg L 
Undergoes Longetirn EF , aud 
BF. Than, by Eg.&-12), 
Uz zhF te (BBE thei 


RAG, B= Alte) 5: higege 
Abbe, by Aprlprinem, Figoreé a 
Fra Wt Wwtw, | Arr, B= & 
ho, by E¥e.@), A), a), 
Un = 3g, 4 Wath Pe te Cups, al) 
By Efa.(S-4) and), wt bir 
U 


= Sih A (Meme), He = BU = Elva) « aa) 


= t (W,+Wh+U4) + (Wy +W,) + ke, Ws 


Be Parklon 5:1, Hu prteitead teud 
awn a Example 5.3) 

FAB EER KP ES AylB A) +--+ hl B-G.,) (4) 
up R=R(& $e), BA BK)o-- Fr = Rn oe (b) 
By 2p ilfruum 

F=wW twWrat Wt --—ty 
F= Wa +W3 + Wy + ~~ Wy 
Fo= WytWy ¢ Wet --—+ Wy 


(©) 


E> 
By Epa. @), (b), aude), we Lane 


Up = Zp(Mi tie --euh) tag (Wak Wht“) = = +h (d) 
Mer, be Es. 6.4) ard(d) U, 
2u = g(a Haat - +H, g Ah 

; OW, at ~~) , a Gael Wat +H) + 1 Cu) ev, +--+) 


$ = Up =p (Witt HW) a (Wat Wat - - HU), #Z (wt yt -+-# Wy) 


] 
q,, > ott =f (twat ---+ Wen) +f (Wa High Fn) + = = 
+ o—( Mot Wh + --— +a) em We 


Aue F=Rx% 
«= f)” > 
Whine x At Hh, Longa of th, Afrwnng. Dog Ep(2) and 
Fig. S.1, OF er picneig once wigs Ge fet 
Ayilim of Eyample & 
_f) 2 fy ewn EN 

C, -[" xd F + Suse [(E IF +) Ge) dF 
on oft sak 

C, _ am F omen i pontin ] 


ak 4m 


(b) 


vm 
A, 


By epeulibrione, ase Evenpts &.2, 


By Epa. (5-2) and (b) with Ege.©), 


= 5 = 904 F_ 4 Wadk pale 
i= 3e aw, BE oy = ( mney 


Cc) 


a 5 1, \/™ 
2G aE FE Bi (ee a 


Fr m=! ond maa, Efe @) due Ly thy aolleina 


oF E epameplia 5,3 aud Sr, peapeclintly 


_ Wa a 
a = (@) 
By Fig.a, thy frat moment Gene ret deas 


Ate abore ty rdinok y 4 , te 


Q = b(2-a(S+)] 


Us = [Ud V (4) 
By Ee-(S-7), fa ehsar cbtee Toy =Oyz > 
Up = ap ley &) 
Where (te0 Rielle Gop), tr shin steed ee 


Cay =z Yi 48) ; A=bh &@ 


By Eft. @), (band), with dV = bey dé, we often 


y. 2 
- {{7 4V 2 
Us= J Fa (1- 42)" bdy de a) 


— 


Evpention f thy sitignand Gf EG) and cules ration 
wilh ripe to y from 4 t 2 apts 


Us = J ve ae © 


Companion of Efe G4) andl) ebro thet 


R= 1.20 


By Epa.(b) ond ©), we oblarie 
U = #8 
Uren, dy Ege. @) andl), 


aa é) 


U, = (sete fyda]ee (2) 


Whee dIV=adAdz, f= heen Creed - acelgnal ares, due! 
By definler Ix = yh. Hence, Ep-C) arduere 
Ap 


Uy = [fede 


5.1} By Ege. 6-6) and(5.7), 


U,= fudV ; Vz Votume (4) 


y= ; 
U, = 35 Try Cb) 
eae ane _ TP @) 
Tay = 
By Ego.(b) andi(c) , _ | 
ah p Gd) 
| u=# & 


U= (Le feud © 
Whore dV=dAde, f= the crocs aecligal ara. of the 
moder, and de <4 Use Orpcad cnfeinilerimel Length of th 
Minmfer. 


By definibin T= (p*dh. None, Ep. 6) rrduscee 


Ur = fade 


2-8 | Fr cack menor, Hy aree of tly Opp. AheLign LU. 
Aa D/¢ = Tr lono)?/4¢ = 7-88UxI0 > m™ ard thy oyeal 
hor af hy propsrlinaal himct 4. N= 0p, 4 =320n10*x 
7.864-KIO-F = 2.513 x 108 N. Oh, anergy pbtorbed urbe 

Li 


z 
=~ fist yg, = N7L 
UN [ade =k 6) 


Fon 


tif E= 2006-70. 3p, beg Ee (Qwik L= |. Som, 
sre — (25130) U-) gs 2 ou AT 


2(200%101)(7-45uxI0 ?) 


Fn Abin, E=726PA. Then by &% (a), 


f abeorbig 
OO egy by thy prappitga h Laid 
dete the prep ttiinal Limite, the lengths, aud 
(he cross acctiryal areas of tig mewber ons chvitecal 
Abe ahuminum mernrher abuprhe more eusrgy dente 
PEGA) 4 emallr Aber stick of The. 


By Ep G8), te “et abesrfedl ee 4b 


~_ NL _YAL 


A) Liner Hoe arene ee ee 
Lafily factor of 15, EGO) ytde 


UV, = ab = &+-S(20x102) N-m (b) 


With Y=Z10 Mpa, L=2-00m, aud E=$2-76FA, 


the Crsda— aotegnal drew of hg freed mnembrte, 
by Eg. (b), 


2. 5(20 x10") (2) (84-7109) 
(210% 10°)* (2.00) 


A= = 0.09376 m~ 


a 
—_—_— Cem = 20410 N.mM 


2EAR 


o2 (20x Ip3)(A)(82-7x 1 ony 
o 3 Oe OTE SS 132-8 MPa. (C) 


(C) with Y= AID MPa , E¢-© prthe 


Fa 82.58) $2.5 


“4 po ole Ap N° Cees], ita 
oe ee ete the agucart YibouT. Maspos,, 


Hse rac fe hy fall te a 
Athely fader ; “ad is, vs yas = 1-581. 


O} member A: The crped.--acitional arta Xb 
A = 00.020)" . 3.1ulbxlo tan® 
4. 


OX wel), “4 
P=YA = B-lalexio"" Y 
Tie travian Drnsrgg ash Hy member At 
0.50 2 
_ 2 P"(0050) _ s 
Uy = | Bete = Gage = Ee sseno Jo 
Member B: De crsee — Aockigns! anea fer the dsm 
MH 44 A,= T2089)" = 4.90874 10- + wy 
Gu fir He 50mm eckn AA 
A, = Tte.05a° = [6%63S5xID- eam 
Member B welp pl) pra co Ahy 2S ann recta 
OF 
a. trad P=YA, = G-1087x 1074) Y 
Whe stra yy on anenter BAL 


Uy = arf” oN (®: re 0. 2 Hoe) 
N dz= b 
o.10pF Mh Ai Aa 


U, = 4.10876 nwtg (b) 
Ege. (A) ark (b) we 00 Mit onouber A aberbe 


aay 
C100 mm pe 

Chasm he gronn bap pmb 8 
4 Mra of gf =0.2sy 


SN OY: on tect the Crsae aeBRe ak a loxh 
AecKaneke , 


A=bh, Ly = bh, &=l.29 © (a) 
Fr Berl, E = 200 GPa aud G = 77.5 676 
® We theor Mas 2nergd Aa. LEP 6-14) 


(b) 


Cc.) 


ees 6 A, aud Vy hs Ee b) and nlegraling, 


U, = 1-935x197'7 PL PAL (dA) 
bh 


= Lz  & 
A 
gaat E, Ix, bi at Fp ©) andl Dp, 
Uy = 6.25x)08 PL = 7 (3) 


Regurreng that Us <0-010y, wr find 44 Efe donk), 
Conc. 


309.6h 2L, ov L>i7éh 


eposuiny U, £005 Uy 5 Wwe fd 


The es enerey [bp -( S14) [ 4b 
L/2 2 
U, = zf 33M Ie (b) 
6 &6A 


P 


©) 


G 4 awky, y tly Eg.b) and 
ot ¥- eukeqrallicr 
U, = 205410" aa ‘L (J) 


Wh bending — i (S. nn 


0 x : ? 


M.,= +2 


a E, Ix, ty mb ERO) andi ily, 


Uy = 8-468x10 PL (3) 
he 


(Ca ont: ) 


5.12 txt. Aiting Uy 0:21 0p, we ford by Ege. (durdle), 


o: OSU po? Eb < 9.493x 407! Pre 
| h 
or L/h > 4.09. Hence, U/, <0.01U, for L=5.0h. 
Ahret Ly = 57 61x 1b> mm, h=2sumnm, 


b= 77 mm , A=bh = (79)25y) = 2006-6 mm E= 2006Pa, and 
Gz 17.5 GPa. By Habe 5:1, & = 1-00. Ao, ° beg Ege. (5-13) aredl 
CS. 14), re Drape 


U [xg (c 
sa y_d 0. 
° 0 26K = d 


i? 


Mtg, V2 (b) 


Aabilliliy The geven. date sud ga. bait &g-@), wiping) 
Uy = |-009/7H10 "P7L, Us = 8.0380x0 "PL © 


G) Fa Uz<0-01Um, Ep. yield 
g.033x10"'° p*) 2 |.00717KxI0 PL 
ov L78-295m=82797S mm =35.1h 


(b) Fon Us £ 0.08 Uy, Ege. O©4th 
B. 039x079 PZLL 5 ONbKIO™ pry? 
ot L. > 3.979) m 239d om = 18.7h 


By Fig. PS.\4., Ae crocs - cectimal area 
A =e = 1 1080 1.96355 10 9y? (a) 
Fo Menber A: Scnce mend A Prada phd creche 
Lrotd_- aectign of dank d =0.050 m Hhe fertar mans 
of enerlee AA 4 P , 
y= Te = TP = 6.18 57H10 -~m *¢ (b) 
By Eg C4), WHR Tnez = 6OMPO, | 
| 
T= Trae Fas = (0 x10) ELESTED- = 14726 Nm (C) 
By Epo-6.1l), G) ond), with L = 560 mm = 0.500m, 


: 6.50 2 
= T* fa = (472-4) (0-50) =3L72Nm () 
T | ° y 


Fou MewherB: Fr th, aotd acction of Length 250 mm 
ad 
member ft wilh J =0-050m, 3 t ra fe 
A= 1-9635«0 m= T= 6.13540 yt (2) 
CMM aud nner diamela din = 0.050 m 1 ales 

A= 1-96 35x 10? mz YE hitmnce J fan the Ally 42 Hipr 

we need ty deleting A, outs; diamolear dout - Line, 
AA Ld ff =|. 43SK10-> = (dey dm), dovt = 0.07071 m.- 

Hence, JE (door -dih) = 1 °& 

= 37 (dovt ~din) = 1.8409x)0" “mt &) 


Not, we chock by dee when ank urhow te -mapecrmum 
thear tbr frst occur. 
Cont. ) 


G 


AD deka utter T= 1472-6 Nom Lee EPO]. 
Fa Xt, Melee oe Cmeg OCCU when 


oN 1-ByOBKID 
T= “nee Fs = €ox10 MTD (0. Lguebali = SB IN 


Aone, Enea, seoura porst on thy doth arclrr who 
T= 1472-6 Nem. Then, by Efe. 0), G1@) ond 10), 


250 
Ur = [ape + [Fede 


a (I¥7a-b (0.050), (1424-4) ~“(y. 506 -0-256) 
QTY (6.13SKIO 7" LAIKION( 1-8 43x10) 


o1 


Up = (6-36 4 S5.uS = 21.61 Nig 
Fou Member C ' Fr menher C, 
_ ped - 
Pes 138% 1D" Im T= 1. 8408K10yt Te 31234 am 
$0, fn member C. 


0.56b 
U, = sn. Tt yp = GIB. 4) (0.500) 
026% 2 (271x107) (1. B4o8xI0 ©) 


UL = #410 N.m 


Newer, for Cay, menhor C 4 capadle of abeorbing 


By Fig-4, 
Mag = Fx, Mas =x 
Ma. = PLL+R(i-Gaai] 
ote =LtRCI-GaP) 
By Ep Gy, and (5:17) Figure a. — L 


f= ad) “ee SX dx +t fe [Lt R(I-Cosb)][L+R(i-coso)] Rde 


ira +£8 BR LC LtR)—2(L+R) Riosb + R*tosB] do 


ov 
a = fe + 2 FB (Ltr —2(L#R)R +7 R*T 


A tply a damany taomeil My of FG 2. Then, 


b4 Fig.a, 
Man= PreMag 
1 (a) 


Ma = PLL+RLI~Go2 6) ] + My 


ec | (b) 
“OMA 


Than, by Eps. 0,(0, ands: 208), with My =0, 
a= 9b - [e Px dx + FEB [A+R - Cosby] Rdg 


Figure a 


a hu murnad mMorneut Me at B (Fig. Qa). Then, 


hy mye? 


My 2 = = Px. OMap = O (® C 
“OMG 
p 
Mee = PIL +RlI-Gab)] + My 
> tee (b) Bs? 


A 
“Mg |! ee 


Figure a 
Re, * Epo. (a), (, arch (5; 206), with Myo 


o,= BY = =f PE lodx + [z [L+RCI-ce6)}(4)Rdo 


on 


PR [ IE{L+R)-R] 


Sra) ipl, a a darmnmy Lyod fo Oy a), Lan, 


by Fig. a, 
Mag = Px, jee =) 
8 


l 
{ 
[ 


Mac = PLLERLI-Cos 8))+ G,R1I- Los 4) 


(b) 
Mec = Rli-@#@) 
dp 4G 
Ahan, bey Ego .(a),(b), aud &-202), F; vre- 
with Ag =0, J * 


L, 
~ QU 
4, “Bhs [rowers -Cosb)](RCUI-Ces AJ Rd 


= BR * [ L(1-Cos 8) + RCI 2toab+Cos2p)] Jo 


on 


% = LRT LCE-1) + R (37 -2)] 


Map =9 » Pee. = 0 (a 


Mac= PR Sin 6 
BC in (b) 


sate RSin@ 


Mtn, by E4s.(a),(b), and G. 204), 


ok i 
_ gv. * PR e 2a ody 
%,> $5 | (o\(o)dx + } PR (Sin?) Rde 


3 (& 
= BE (7 cu20) do 


Mac = Mat PR- ano 


0 Mac 
OMs 


Mere, by Epa a),(b), aud (6-208), with yo, ro 


L Ve 
~ aU. (PRavn6) RAD 
Op = 2 Mg Oa | = Figure & 


= | 


Oo, = PR* 
ET 


TAE /NTERNAL ACTIONS sn 
THE SPRING, 1 TERMS 
OF APPLIED LOAD P ~ANO 


FITCH ANGLE R, ARE 


FoR A OWwIT LoAD OFF THe SPRIVG 


, THE 107 €RNMAL 


ACTionNsS ARE 
7 sn 8 


LV Cces/3 


m Ee sen 


% cos 


SPR/IAYG OECFKLECTION, 18 Gtwen &¥ Ee (5208) 


Z 
-@ z z=. 2 2 cS 
g - | (Be (Ze, Poos 8 , PO sey + PO ces i) a (a) 
0 GA | 6F 


yEL 5 


LAnT OD avpD Ale PUOAVYTIMIES BRE SUDEPEVDENUT OF S. 


CCont.) 


§.21 (cowr. ) INTEGRATION OF Fe C2) Gives: 


nvpo( S28 cos, Dison B + oreee'e | (6) 


EA GA VEZ 767 


SPRING STIFFWESS 'S GIVEN GY ke os . 
Swastitation oF E@ (6) wre THs EG4ATION, 
wiTH A, TI, aw~o ST wRien (v FERMS OF WIRE 
DAMETER cb, GWES 

2 


ko = 
4n ol sei (+4 <2 40") 4 conf (1+ +2) 


- gf = 
For D=100mm, 7G 20.1, E=200GP3, V=03 avo n=l THE 
Folow& PLOT 1s OBTAINED, ST/FFNVESS 1S DO™M-WATED BY 


TORSION WITH BEVD/ING MAVING SIGAYFICAVT EZAECTs AS 


OG *wcREases , Wormat § SHEAR EFFECTS ARE WEG L/GIBLE. 


torsion onl | 
¥ torsion & bending 


Stiffness (N/mm) 


™ 


| 
torsion, bending, 
shear,& normal | 


10 15 20 25 
pitch angle (degrees) 


For A FLAT SPRING, (3=0O (SEE Fig. ES./4). 


NEGLECTING SHEAR § VoRmM4L FORCES, ONLY TOR CLE 
CONTRIBUTES TO STRAW EVERGY /N THE SPRING. For 


A SPIRAL SPR:VG (SEE F/G. PS.22), THE EFFECTIVE 


RADIGS RK VARIES witH ©. ASSteam WG Tels VARIATION 


Is LAVEAR, WE AVE 
R= SL (1+ 8 ) @) 


THE TORQUE / THE Wwire€ DWE TO LoAD FP ys 
T= PR 


Fer A OnlIT LOAD, THE TORGWE 43 
t= R 


THE /WFIITESIMAL ARC LEVGTH IS 


ts =~ PHAe 


Un Der LOAD P THE SPRING DEFLECT ON /S5 


Seasn jer ov) From Las. (6), (ce) § (Pf) sTO (e) 


AND AOTUSTIVG THE INTEGRATION LimtTS GIVES 


Sussm7erion For (© from E>.C2) wre £e. (F) wes 


67 
125 PL? 
0= “Gz 


5.22 (cowr-) 


INTEGRATION oF Ep (9) Gives 


5,939.5 Po’ < T 


0 = GT 


rd” 
Fore T= 32 _, SHE STIFFWESS OF THe 


SPRING IS 


G(r dt’) 
32 (15, 937.5) 03 7 


510,000 


523 | Apply an infinitesimal load Q@ 
Perpendicular to R Arangle @ 
from free end of beam p 


M=PR(I~Cos 6)+ QK sin @ oH eR sib @ 


In ~CO5 2) R sIh ERd0 Q ge 
0 z R 


= 6200065 Me) - 2 9.06/0mm 


* 2(200,000)(309) 


N ot PNAB_ 8 
AaB = 3 (@+2°) 58: 4 


__5 \ ON C 5 
Nec = z (a+) B =" 35 


Naplag ONag, Neclec Nec , NeapLap dN 
= ABT AP Nach Bc eo BD INep, NeELeE , @Neolep oNc 
Pp“ EAgg oP * E Apc OP * EAgy oP * EAge* EAcD oP 


~ 4¥(25,000)(2000N8) , 5(15, 00025005) _ 51G,000NK2500/(5) , 2(4)(10,000\Co00)(4) 
 3(86, ; 00)(152103) * 3(72, DOO WOO) * 3 (72, D00KI5O)(  “3(72, COON WO) 


= 16.461 + 1.608 + 6.430 +1097 


= 25.60 mm 


Naclac NAC NgpLaBp IN gp Nee lc ONCE L Noeloe ONE 
19" EF Rac IQ FOF FAgp dQ * E AcE 00 +0 EF Ape a@ 


_ (Pr2PLe), CBPGUGY , 2PL@) CEMEWE _ i520 EL 
= aE COE + geet ZAR © AE 


| 5.26| Because of symmetry the total 
Strain energy 15 twice thet for rhe 


lefr half of tke beam. 
From Ato B— M=(3+ 2 Efe 


2 2, wl 

From B fot C—M= Bi S)e- FE) 2 yf 
M aM y Lay wh wl Wore d 
t= [ER JQ “* “4 “FT lay” £ (B42 


uy Ly, Ly 


= 3 ( #)" a sent) a 4 Alt 


ii 
- He [ z (Le SG - L b-# “ i 
~ GEL OY * ger 8 Ai wert -2e7 tigetls  b4/ b4é 


- = Jt 7 4 7 3 

- # Lae * 129 ~ 256) * 264) mo! 
(ib ese ~¥8 456-18) 

“pan 


_ (wl? 
~ 6/¢YEL 


From Cro B-——M=PR sin g, 


From B tod —-M= PR +s 
UW) L @ 


2. 
_ | an oy 
io |B 5p R40 +] EE 5p de 
(6) 


"e 
-[# sino de [é dz i zde 
o 
PRL, 


_ nm PR? 


——> + 


~ YET 


[5-28 i let Phe infinitesimal and Q=0. 
From § to A——-M= Mg + PR(I-Cos 6) 
From rte —= Mg + of (ir 70) 

Ip = oe BE (-cose)de + BR rsa)? 
io 4] Wa 

- Look ‘(2- Sin @ ~ COS o} 


Let P=0 and Q be infinitesimal, 
From B tp A—M=Mg+OR sin @ gh 


From 700 —-M= Neg PRC C45 6) Hi R(2-<03 &) 


Ty = Af sn6@dé@+ Fab ig. COs 4)dé 


=~R sin 6 


0 0 
_ Ape -~ (05 8 si 6 "e 
a (20- Cos ) 


S30} lor P2Qz0. 
From B too — Iie Tg 


_ MgR MgR 
O, .[ Hs dé » [te dO 
(2) (a) 


_ 1RMg 
- FL 


| 5.31 | Ler S=0 and @ be an infiniresimal, 


Fron TS A —/1= 5 sin O + OR(I- Cas ) 
“or PR? 
Fp = Er yp ke =[ Er sin 4 dé 
ag o 
_ TER? 
_ | A ede [LE (une -s0 
Ga = ET 36 R += [Ee - INO cos 0) 40 
0 5 O 
PR 
LET 
| F324 Let Q=0 and S be an ibfinitesimal. 
From g to A— Me E sO + SR(it5In @) FeaR (ie 5188) 
Z 
| /1 
4s, [eae [# (519 @ + 5m yuo {Elon tse 
O 


Ga) 


“M8; Neg = Meo 


P= 2Nep C08 6 = Nep a — 
| 
@ oq - [Lt WY, Nep lg ONep 
1p [ee + ABE, OP 
7 


L 
Pz =) det 2la Pla 2 ( Lo 
it é “Azbo Ts -1? is -1? 


_ Phy 2PL3 
_ Anes (412-17) 


(s) ples) ) 2p (25%) 


jeE(rrt) = We Tee G) 


iat) 
Nay 


We 


| S34 | Ler P be infinites smal 3 
~ Fram A to gB—M-&, air_w2 


wl By - 
wn | P wh WR Bde 
AA 12? 


-—_—_— L272" 


~ EL] 12 a 


THE? FL ae’ Gt 
Y / 2) 2(i+V) 
From C to B ——N= Ps and T=O 
From B t0A __y=Ps and T=Pl2 
£, 


Ly f; 
M OM M T oF 
4p ff opt + Bt [a 
Oo. . 


L 
fF jo fle, 


7415 300M)LS 4, 


Let © be infinitesimal. J=el; Gig 
From Cro B—M= To 52 O +OR SIN O 2 


T = To 60s 6 =@R(I-605 6) 
From ff to A—-M=T5 r@(R+5) ; T: QR, 


"a Yo 
_{|M om T OF A aM 
A Spade [Fee a ga %* 
‘O (4) (a) 
U% 


Ne 
- Fee! 5108 (9 sinbjde a aan Pe) Poe 22 /R(- cose) ] 40 
0 


- Jef (2) - Teg. E ae ir+£) 


—12_ ly R 2(iry) +17 R *y +YLR+2L aT] 


TEE 
= Ja [ercrale + TR (AtY) -4Rit¥)] 


PL, ¢ PUL, 
” 36T GI 


if aE (745) ds 
0 


L 
gT i OM gy 
ieee oT, 5 
lh + 
oO 
- [et gjade + Ta@28 (cos 9) Ra + fee ids 
4) 
Tek (E) + Teh (2), Feit) 
- To [TR (2+) + yh] 


yer 
| §-33 |Ler Q be infinitesimal a 


4g § 


Fram C to B—M=@s + > 


pearls +e 


From B toA—M:z@ > 
url? 


T =QL to 
L L 


2 
url gt WS wl d 
Gq) = S SU) ds + ae 5 + ZGF (t) 5 
0 
al al! 
Gel * BET 


5:34 ~ f; G= ality 
From C€ 0B ce Qs 


T= Oflsin 8 +R(- Cos OF PRU-Ce5 4) ft |, 
f v r 


= /— sd. 
Ia |# Je *? |f oa ol Pp £ edp® 
o / ) 


r 
id C 
| Ls cs E(Lcos @ + RII06) RAO ‘orl si @ + R(I-Cosg]Rd0 


TPLER PER, 2PLR® 
CGI GI 


[eL’+ srr (2+yJLeR + (2 42VJLR 


5-40] r- Er" oJ ag 


G= PEE 
M = cube ae hee Go 
iv T 
{i gt TS! pe 
Og= ler Ol Rae a an 
oe O - 
_ [she emelgde + | BLE (cos RAO 
-f < (656) -/ ie (cos 6) 
2 4Q O 
_ 1TeR. , TloR 
~ ee Z2GJ 
- 2 LE (a+y) 


| 5.¢/} ler F @ and 5. a Se 
be intinite / 
Bc Tn sin@ £ §RSO Semads, 


T= To cose - SRUI-Cas 8) 
qo> %q=0 since Mand T do aot con tain 
load $ of and CQ. 


[28 “: ?(R sin 0) RFP [Fepeermane 


45 
uty Jot Ly = 2BR (ery) 2 
= (Z ra RG = ij 7 
| 5.42) =F Q, and K b 2 ; | 
ee Pte" B37 eC “in ecto J=el, G= ay x ra 
Mz2-Qs3 My =-Mc+Rs, My=T 0 
From 8B 10 A 


Mz= s-QL, My, =T=-Mc+RL; My =—K> 


i” PE 
eT = PL-OL7 My = “Me Ps t AL, Me * = Qs- Rie C 


L(c- a” L(A) Lao /4 
ie _ Mx x Taf iM. ox 
uel 1a 7 fe sas /e aq 2 * sia 


* L-D 21-4) 1a) La-9 
wre p= | Ls Sass [Eas + (Be Shes = | EOI ds= 38; 
i fe, | O 
- ©. phew ae Mg-A) L(A-O} 
: Mx oy 7 af Mx AW.  [ Me (1) rere 
7g = 7 ee OR ds + ler OR 5K 7 + Er OR ds = Sy (4]d5 + él (Yds 
Oo ) i 


0 
4 MeL? 
ger ets 


; : Let subscript L denote upper half of th bar and subcript U 
enote fouwrer half. The ferce P is transmitted te the free 
end of the bar; thos, the force P acts threo ghovt the bar. 
Hence, P= Gi nie Jy Au, where O~ denotes stress and 
A denotes Cross sectional Area. Similarly, for the 
aaa | P= RX, , W here hk —- 200 MN/m = 200 Bi [omm, and 
% Le betlom of the aperur . Se Ay 7AL, T= Jetty) 
MPa is the desi¢n stress and f= At is the design load 
B= 220 (\boon) = 4al.s33.AN (AL 2 THe ee 
dnl A eet EA Se iy a 
upper half of The bar is Xy= Plu MEAu) and the e longati”' 
of the lower half of the bey te he PL, /EAL). Hence, the 


di's placement of the top of the srrin? 1s 


4 
= KF +X, = Ig i dy phe 
Kat het he ee ely J 


L 


jee TT SF 


2 121.533, Bl 593 | 100d + 1000 ]= H.b08 + 3-078 au 
A0O0 72 76000 60071 


at 
Beat ea deine 


Alternatively , by F¢.(6-8) ank G.t7Z) wrth spring = LAGE & 
and N=P for the upper and lower parts of the Par, 


e Pp “pe 
xe PE rele a) 


_ BL 

ie lg ee a ey a Ef.) = Y.bOR t 3.678 = 8286 mm 
h A. 

S.yu lea so BD= (.6259 


: A : Bo Qa 
“The traction in bar BD 1S 
N= |.625@ ; OX = ).625 (Gs) Foo mm 500 mm 


B AR “ | 
The poment tn BC iS MzQXK and - . 


® 
b) 
5 04x 500. (4) ° 


ry section AG is M=500@ -0-6aS5QX 


Continued: Therefre, the arertiul de 


Lap ON "Ax 
62 fe + [eo xdx + A500 = 0625 OR soos X)dx (A) 
. Fp Peo 2a Fae 0 Ene Lae ( i) 
Thos, by 69+ @, ©, 8) “wt bart 


b)- (25)09/2 
= Gb RADON 135) (s.s) goo ta) , GSO) zee 
c (7a) 1(9)* (200) (3)(s0)70) * (200) So l7 )? 


fle lectim at C & frven by 


} (0.625) (00./3 Ju2) 
pe 


ot 
62 BSTA FT 1.234 + 1.43 = 6-773 mm 


2. My=0 —> B= He (a) 


A B C 
The moment jn section BC Is JS : dM, 
Maly 5 Salo ees! @ ate 
R x 


The moment in section AB IS 


M= My -Me x ; 3 = |-% , 0&® $2 &© T= (got. 150) 
Becker the rotation atc Is re a = fb.bT9x10 © mt 


= [Me dx +f Molt- BY dx + PHF, @ 


By Ege Ca), ) © wold), Wwe find (with E = 200 Pa. and Le 26. L710 ms 
_ 10° 2 0 
Ge = Georaccnmne) 6? * 5+] _ 2 Dla 


~ 0.01825 +0.005 = 0.017S rad. 


. = 1 bhrs Laoll)2 $33.33 mnt - ey 
az {kh Q =25° 
Reactions od ft am CO are R,> R= Q: 2 /25N.@) 1oomm 100 mmm 
The moment yn geetio Bc I's A c 
M= Bx ; HA =x, © o2x4l00 @) 7 
The vertical deflection at B i's an 
100 
= (Qx\(¥\dx Ya). gepisoo) 4) + aso) 


= 0-602 + 4.1167 
5a = 4-769 mm. 


04x 450, and the rere oe fockon AB 
Hence, the deflectiim at 


= 
{| 
(bs 
a) 
x* 
Y 
aS § 
( 
alu -# 
x 


Bois: 
= [ GAsy (50) + CS) (150) Eas —_ Last i £(ase)] 
$, ~ (3, 000)(8 33.33) LU) (>) T Gly 


= 0-339 ¢ 5-208 = SSY7 mm 


~—3 ees 


3 
i? OK ORe nike - k 
IM, OM, 2 
The moment in section BC is + 
Maz Meo x x; giles 5X ) OLKE3-4 (a) 


The moment 14 sechin AB is : A Mo Cc 
i Re 


- M(x). aM " : 
Ms (4 Vj SHE aS, vaexe 3 a x 
3.0097 


For An2[.S om =/1S00 mm, 
Cb) 
= x Me) (5 
pa=2 J Hee 4 + dx rats 3) Ts , (20}(10) + G01 84= 4.107? 
amir 


= (2)15) (5) oe 
C3)(3.) 72)C 4-107) ( 3) w 4(300) O-014bs Fr 0OtT) 


As 1m Prob. S.48 kK, ae tte ohe 
Pop QS 2: S) with the vesolts ie re oe: the monet My, La 
, sihec =X; of xe0.S, and The moment “gp (s 


Mac = Mf ae 
Mae = Acs), X-}, besiae Bi oiites: 


ee ee Gin § ASP 3 dx fm ae) MoS“) ty ra . Hox. fig foal 


= ae + p-02936 + 0.01 = 0.04070 rad. 


ath 


a ae) 


5.50 lor section Bc, the max. stress 
asWhc_ Vv 
Dy ~ 2 
= da 0et 


+ — S$ 6° _ 
ZylC - 1g: a 2696 


= 127.25 4N 


In sectim AB, the max stress 's 


— F.0QC_ = 
T, = z x 695K [0 ont ct = ALI oP 


27 FLA 
Y Ly _ sd«/0 ay 2\(1-6 Ibxlo” m?) JAree.> |$190-mm = /8,)90x\ 
ab /0™ 

=b674¢4N 
Thad, the M ov. . allhwable load 1S Q = 67. 4AN 
(0) Por section CD, M= Qx, Max, 5 V2, apo ok) £ 2S 


For section BC, M= 280) Ht: =2s, N= Q, Bh =! 5 Of£x,42:5" 
Fer section AB, M=(7.StX3)Q, St - LSt%y* Vz, aa; OL K, £2.5em 


! x ; ; eS 
n° efi men “fe G5M2 sd fe ies +3) lasex)da | + [ Q .j.dx, 
0 > EA 
bh (*?, as 
+a | (Q-I-dx, + Af Q-|-dx, j f= 1.0 (see Table 5.1) 


3 3 


- 1 
(fo0x106 15) 
+ E7YEK /0?) (2-s) + to | Grandes + G74 Nas)/ 
o0x10*)(1¢.1 4) (77.$210N18.19) 
= (9.02778) + (o4easI") + (0- a3q1xi0%) 


Bendin J 


= 0.026065 m = 26.068 atm 


=3 
© Neglecting axial energy error 1 (s:gtete jm = 0.1652 
Neglecting Shear enerf/; error 1s C224 rie ae - 0. 3524, 


0 - 026065 


—_;$ 4 -6 
For circeléy bar, J= Te. = are J. 272x/0- mF 


For rectangular bar I, = 1 bis £ Goole)” 
= = 575% mim't= 0. 95: 75xl0 mt ec 


A 


For BC: T=, oF at 
o 


Fn BB: M=T, SrA =/ 

_ LS pb 

. Q. = | le dy +f To _ 1S Toe - 1270 ~ O. DCA- $ox10) 4 U-DASoxfo?) 
0 E Ly GT EZ, GI ~ @vorn ag) 7.510.272) 


= 0-02187 4 0.03043 = 0.0523 Auk. 


t 
= ee = 4.0212 x10°mmt= Lb OL 12x10 ont 


To 
= 0.03684 + 0.0200 


Gy = To: + To. Gidxh Vy + 40x00) 
EJ Ri 71x10?) (4.042) 2 00x10? 


a 3 = 2:05 684 raf 


Tego) 103.06 «10%ommt= /03.06x/07 "mnt 
32 


Ig 


Lec = (too) 90)~ LGolia)% 34-88% Dime bs 3438x108 mt an | 
. ~, @ 
Lagat Iqg = 51-53 *10%mmt = §).53x/0 mt % MW 
The moment in section BC is C fox 3m = B 
= QMec . x 7 
Mac QX,, a HES (a) 


The moment in section AB 15 
Myo = Qx,, 2Mxe =x, 0#%242 


The twisting moment in sectim A Bis 
Tyg = 29, | ae 04£X,42 
There fore, the ver ties | nn at C43 
Se = Ox a, +f OH ty (gaa _ U6) qe) ez 0 745m 
= 7.0 


fre Oc o Enotes Cng Sax * (aes: 3)(72)64-88 (3X72 91-53) Tea7y(io3. bb 


Continued: To compute the vertica| deflection at B 
we apply the force P F at B (Fig. a). Then as Above: 
The moment in section BC is 

Mac = Qx,, OMec 0 pex 42 
The moment 1h section AB is 

Map = @+Px, » 2MnB - Ky, 64%262 
Gnd the twisting nodment 1s 


Iie =2t J $F O ; GEK2ER - TAcre fore the ver Treat deflect om at Bis 


4p 7 


dx, = = Bx _ Cbs) _ =0.0/1S m= HS mm. 


5. _ ) UD _ za i Px, . x 
Bo” ~ 
P=0 3 Ea lyg 3 7267: 3)(72)153) 


oP 0 Eng Tae 


7 oe 1 
Then by Fig-Q), =m, “dap R= th +B iat 


ts 


KR, = th - £. “Therefore the beni moment — a. cM 
mn certo, AB Is L/2 Wa 


Spe del [Caos [ett 
= or [- HCI) SVG) + He (DG 


OF Th hecsgenld Caploconand G poole C8, Benoa +P 
jon Aetlions BC XL Mae = Qx , Ghee « x) Of ne ee 
moment a1 actin AB Is Myg =-(OL, + ux), i 5 OLX, 


QaMx dx, 
» S95 [ea + [Cabot BML da, Be Pht, while 
66L 


ars Er 


8 eb Boe be Aath P Wen A ray 


Mg = &% } ope — 0 5 o4£X,4L,, and 
Mag =-(QL, + UIXa) + Px, » 2a - xX | 0=%x,E4,. 
Sp -[c- (QL+ Ped dx, = ~ Gh (L, + whe) 


ELT 


(dun 2 Q) xe. 
My= GR 6, Ble Rand ; 


. $a = z fC (Q RsinOXR sing) Rdb = 

2 Smaborbg somahandy, fe opt bo 
ces ate PRO-@s b, aphere RCI cos) a 
Sp = 2 {Te [Qksme -PRU- ios 6)]|- -R(I- ek Rdo = — ae 


| 6.57 To Aelirmime hy rotibim of- the arin at B Cig. 
I AAB.p Decvenay omcbnodl My OBB Then, 


M,, = QRan6 + My ; gies £L; of042 
Z 


= ade [aeaneriieh Rie = ak 


a, frob & 34), 
te rmarnont 


M — 
Where (Fig. a), 


Myo =~ Ps, 2Moc =O; 0£S54£L 


Mee = Rs- PL Msc s Oesek fs} ) 
“OR ? 2 ©) Agere OW 


Myg = Rs- G(s-£)- PL ; Miles .g; Se sel 
Mer, hy E¥4.@),(b), aude), 


LA L 
[Ms sd$ 4 j ee sdS =O 
0 EL 2 


L L. 
fas -PLieds +f, Ces-Wle-$) -Peleds=0 
0 ve 


Lutegralion of Ep-C) pelds 
R=2P+ 2 @ 


Fro @= PF 


) 


R=1giasP (e) 
Ah: diiwpleesmod Sg of B42 hetiinned) by Abs andlor 


[4a Fe. @] 
VU , fn 
i 98 SATs patted 
ov“. 


ae Lf [Rs E-9- PL](5-) 4s 


Sq = ee (- SR 12046?) 4) 


Maw, by Ep @) dQ, a Q=F, 
Sg = 202214 (uprrmrd) 


(2) Sececr 7HE RIGHT REACTION 4s THE REDUNDAVT, Srrey 
THE FRREACTION AS A LOAD TO THE STATIC AILEY OCT Efem ARTE 


BEAN. THe BENDING (NOMENT 4 THE TOO SECTIONS CK 


v v {= “24 
ni ezzzzzzan y ( feezezzzzzzzza 
———— << yz TTR 


R 2 


THE GEAM 1s: 


a 
m=Re (os 2<%) M= Ra- P(2-%) (% <2<d) 
Fore A WNIT LOAD APPLIED AT THE RIGHT EWE OF FACE 


GEA), THE MmMomevTr £5 


a = 1(2) i= 
2 


1 


(2) (cor. ) 


S/Vce THE DISPLACEMEST AT THE RIGHT 


END {S$ ZERO 


%, Ra ‘ Ra - P(2- %) 
O = ) = (2) ~2 + ) Er (2) “#2 
2 


4FTER /MTEGRATION), WE SOLVE Foye R To GET 


(b) To Fri~O THE DEFLECTION AT PWIDSPAV, APP., AA onus 


Lond (Downward) AT 2= %y. FoR 0<#<% m=O 
SO WE CONS (DEL COMES 


Ya < 244, wyere 
(72 Re-P(2-%) (From PaRT(2)) avo 
m= -(2- Y2) i : ‘lz, >| 
om ezZzzzzz777, 
er | 


THE DEFLECTION AT THE 40RD P ys O- , Giver BY 


—_e 


zt f [re - P(e-%)|[ -(2-%)] of 


pe* BRL 


Fe 
27ET ¥E8 EL 


ZPL* 
7ER EL 


( cont.) 


3 
(c) FoR SOPPORT SETAEMENT OF eet (wilco /S sn THE 


OPPOSITE DiRECTIONN OF THE LAUT LOAD AT THE 


RIGHT END 1 PART 2), we wRITE: 


7; £ Pi 
= 2 22 (3) S2t ( 22 = F(2- 4) (ay oz 
.o) 4 


| S.60|Le+ member EF be redundant. 
Nap =2(@+2P)- Mer 
Nigc =- F(a-pj+38 2 Nec 


Alep-2-@ 
3 ve 
Neg = 3 P~ “Neg 
Nep = Nogz-4P + © Nee 
OU _ 
Wz” © 


~Naslas ON4B pl Neel gc ON ge » Neolep OND Ngelge dNg¢ ,oNeolep INeg, Nerler OMee 
~ EAag Ner E£ Age OMe “EAgy ONer E Abe INep* FAep aNee EAcr aNeF 


on SndOUE)of Fos Sy ABOVE 


a (1 000)- 2 Np {20-5 cf $000) Her (2220)(E)s Nex S000 


H237 Neg = |, 261,225 
Nee = Il,2e7N 
Nap = /2,/67 N 
Ngo =~-11,772N 
Nop= 5,000N 
Npre 3,439N 
Nep = Npg =-10, 688 N 
ge - Maglag Wag, Nechgc bc  Mavtap Wen , Neelys ON YE. , a Molen ap 


EAgg OP " EAge OP ” EAgp “OP * EF Ape BE EA JP 
12, 169(2000) 8) _ 1172 (2500) [Ze 3439(@500)/5) , 2-10, 688\20c0) 
~ "72,000 16m) », 0000} 50) 3) 72, 000(%0) ht O+ ES + 72; 000( 900) (¢ 

= 6.0074 + 0.7569 + 1.3268+0.8797 


- 8.973 mm 


ie L ar 
a om oft Re-F 
R= Fr jp 7? Fi (zdz 

0 0 z 41 

3 y R 
pe hb. 6 

Z 8 
Regul 
3.62/V=R-«az 


OM max| = gw l’ = : gE 7-2? 20". 125 700 mm! ie 


£05. B(IYO)(125;700) . p REN 
“*cl® ~~ 20(2.0007) 17 N/mm a 
b)g.-- Ri? wih* 

1g = gee -$ 

. ser, gwhW 


E " 15(200,000K12% 70) , HL. Zag \(20a0) ee 
L g 20007 i 


2 2 
IMmax|= SE - RL = 1.76 (200%) _ 127 3(e000) = 974,000 N.mm 


C= Mmac© . 974,000(20)_ ye5 mPa 


= 


L 185, 720 


: - {55-140 ji 
Percentage increase in stress = EE=LMoe) 10.7% 


Sees 
L 


| 


- ; —>—_ 1 
mem B to AM = Reo — BY a) 
J of R2z-/Mo y M 

d2 - | Bethea R O 


IR* 9) EF GR 


O 
RE Soh® 
O= SB 
- “2L My -R? 
/. From 8 te Am M=lg tl o7 


Ler 1g be infinifesima 
4 of to: flo K2( _ lek RL 
O 


From CtoB—M=HRsin 9 -VR(I-C 8) 
From Bro A—M = =HR+ *_y(R+ 2) 
oR 


Vy, 4) 
= [HR n= VR(I-e036) i HR+ SA -WRte 
| ET (R sin@)RAO+ HR HRA ard 


O 
3 3 4 3 3 
_ ree -ve(i-5) + 2HR*+ sek" y (er 28) 


o- H(B+e)-45V +k 


Ve eR, 
HR 517 8 -VRU-Co30) Re #2 _y (pre 
Ve of EI ard eBay 
0 
O L ipus ‘3 
= Rt He’, mR _ 2vR UR ~ aR Len ER Me Mol ow op 


0=-45H ees , 22) eek 


yr 0.6727 we RB 


sess - R | a. 
x Ke PK sifte ara 


For beam, M=R2-Mo 


, dUspring Mm oM 
= cS a Ue Bes aa a 
Ip=9 = xR * Er OR 7 
oO 


: 66T+2KL? 


| 5.67] Cor cider half of member due to AC TrY. — LL —F 
” Fas F to Codie G'S ? . . a 


£4, . gh 
From C€ Sr aes “aH-"a's ar 


“70 =| 23 = “98s fF Eno 
0? 


3 
_ GH’. GHA whi ; wr tf 
an Sa Bile +6 Ip oe Dy 

Q a eel 7D 
” BHED, +12HLL, 


5:68 Consider guarTer of member due fo symm etry. , 
From C fo B—M=Mec ) 


From B to” a (4 = 2 Me = LB(- COs 6} 


Og is ot [Es xm. * 
Q 


iz oy 
y= [Beas »[ Eb yea 


Q 0 


2 mad 
ree? FR 
O=-ME+ MRE - TE a 


my, = PA “(1-2 
 ° 2(rR + L) 
Check the momenry at A, 
PR _—  PR(Lt2R) 
fla eile 5 FO Se BH 


2 AUR D | 
The moment wi th largest ah solute meg nitude /$ I, 


7 _ PR{(Lt+2R) 
Mmax Tree D 


Let H be infiniteslmal 
From D to C —M=Hs 
From c to B—M=HL+tYS 


to A —Me= HL +V (5+ 
From 8 * iy 


4)-Ps 


(2 


3 3 

Ye Ps _ , Ae’, we FPL 

Vy “| ee + (eos OAD (jds= gee + Jeet ee” BEE 
4] QO 


let H be Finite. Ly 
; of! c ot nae y 
mM of ist, fT 5 
4, -0° [Be av ds -[& 50% + Er 
O O 0 


be Ye 
0: | Hen (s)ds [See Pisr)ds 
Q 


Oo 
3 3 3 J 3 3 
Ox HL’ VO. aye, 3HU?, 27Ve’, qv’, avi ZIP? FPL 


g (ate & XY 2¢ 8 8 24 16 


O= 2H+ £v- £2 p 
Iya 
P 
10 =| Bods [Peboe [east S li)ds 
(0) 

3 
~ HL? , VL? , HE, we? VL? _ IPL 
ott, 27 7 2° @ . yg 


O=fH+2v-2P 
H = ~0.1688 P 
/ = 0.7594 P 


| 5.11 [From tree body diagram of pin at D, 
"Neo = Nep = Na = Tt jhe al 
From C to B——-M=(?-4)s 
From B to A —M = P+ $)-VG+ 5) 


Ys 
N2le2 dN2 M om M om 
n=. 2 Zé4te wa 
proses ae [at Bee ae V 
6 Ng Nep 
- 265 )VL Ps- Hy 5 st sae Lid 
anal i) [a jj [79 Ls ads D 
V 


3 7 3 3 3 
woveer FL VP PLY? or Wo Woe 
0: 30.712hz6, 48" % 24 32 Te Te +29 *3z +55 * 3 


-l0VE,D  , Vv 7P 
30.72(7A,E, Y8 32 


10(200,000X30 OV, we _ TP 
'2(30.72\(6002)(25~)[I0, 200) * 32 


V=LYsy P 


O= 


Mmax = Mg = G2TIAL . 227i MOOK 737,100 Nmm 


Uren, 2 Oe’ = LG leoGopiie) = 92.1 M Pa 


bending ~ Tt, 30 (403) 


No 2 = 1954000) — 199 N 
E716 ~ LG 


79 
Crood = NZ = ae {7.1 M Fa 


[5.72 |Let P be infinitesimal. 
From C to B ~ M=VR(I-c0s6) 
From 8B ta A—M VR(i+5i0,6)- -Mo -PR(I- 605 8) 
2 Vie 


Me 
_ [eae sole, rales (Peline)-Hereiesna] ed 
O 


o- TR WR -eR se i ve? VR eR? Bron 


YR (4 5tA8)-MO FRU) -cos g/Rde 


rE 
VR? . . sing \"= 2 Mok 

~~. /69-cosg ~ O~ O-sing 
r (e @~sin =}, + ” 


Bei [-)+ oR 5-1) 


“From C to de 5 ys Mo 


From B toA —-M=V%5 T= Vla-Mo 


l, L, 
a g AM oft ST 
lee 57 45 les gv 
? be 


V5 re (yds 4 [a (s) ds [tas Sd OLE 


- Vn Msl5 , 7 Yas Molle 
~3E0 2@EIC 7&5 GT Gy 


2l7+2lo rel (ty) 


| 5.74 | Uspring = 


aK 7) 
Ve= 2K y 7 ye él; Ge tev 
Me UR sin @ - To 3 ©; Oh. Rone 


T =YR(I-C0s 6) + To 605 8; Hr =i cos) 
US 


Yo 

-9:2 mM oe IT Lede 

7 =9 - OV we [e- ov RdO t ay xp a 
% 0 


nic 


02% [Bg tenaet eon one 
oO 


To 
[R-Cos QI Rd 0 


"UR? eve? ye? oR* rwhp? 
YET os CGS wer 


Gl 465 ey 7 
Y= To Lmlary)- ¥ci+v)] 
cL, + TR(4479)-BR(14¥) 


“Ret TRY ~BRUHY) 


15.75 [Due +0 Symmetry, consider half of 
the member. J#2I, G= = Zhe) 
From $ to a —M=Mg Bt 


From 4 to0 — M+ 


T =Mg-—& 
72 ; H H 
-9-/fL 24 MoM Tr 
@y20| 2Mg i [Bese + [a a i, 
Oo” 
72 
Ps ; 
= Mg - -3- Mg ~ £5 
EI 4550 |e (i) ds 
a a) 
Met PLE | Meh  ALH 
~ 2FDI (FT Go “el 


yp - Pies vew Cn] 
ERR LEB 


Moz = Mo = 


_ Pl 
© GL KRY) 


3.76) = 2L 5 Gs aay N28 
“From B to A— M=Qs 
From A to GO —— fis =(Q- As 57° Qlo — 


J (Nils M oM {M_ gt; 
4a oo Att) [B80 [ER vo [ ee 


f, 


222 ong /e O04) Bue [bene 


_ Ql, Ole , BAe Qu | | YOU 
“EA, 3Iy ° 3F I, is” PEL, 
3 
L; I, ilivvy) ILL 
z 2 _ JLallty) | 
Pe@irs L? I,” L? 55] 
-Q]i+ _ (ooo yelieo Hz) 5(1000° (1 +0.29) st lioo (2500) =, 8513.Q 
6 42500 Nears)” (2500°) "GUIs 2Jes00}) 
Q:0.5402 P. 


Assume member No. ! yields Fits t. 


f 
eec To. 200(0.5 402 PMI00NKSO)(G2) _ 
C, SP = _ stmt 0.00550 P 


20 
Cmax) = 5 (Gras ~Onin) == Sez (G> 7,7 Z = p.oizaasP= 


P={T.044 kN 


Assume member No 2 ylelds Firgte 


100 ? 
Ue =5F oS ~ 2.000 toe PANTIE =0.02305P =V=¥20 
P=18.22 KN 


Assume mMetmber No 3 yields first, 
-Q, 200051 DY) - > 0; P2/2/7 4M 
05-36 £ = aCIss 0.02446 PV = ¥2 


Member No.1! yields List end P= 17.04 KN 


P P P 
From D t0€ —~M=— Ns . wee 5 
From C to F-——-M=e ey aie 
From F Dae Ne ae 

Ya 


N_S$D Ma 2M M WA MM ow 
=H) [ate Jz on 75 + fee 
(a) 
~ MLVE s Lule D250) aes 4s = 
Z ifbscltis ei ae 
vent, we wee, yeh ue? Fae 2 ps ie PL 
= rn : 
AE “CEL yet” ger "yeer ee el* WEFT tyget ygeeT 
jp Se ARAL 
UT +162 AL 
From D ta C —~M=Mp+Np5 P 
From C #0 B—M=MptXpl+Ps~-Vps 
From D to F —M=Mp-Vps 
From F to B — M=Mp- VoL+Np s+ Ps 


ESy 20 fro +Mys\s)d5+ [Mo tNpl +P; - Ipslids © 


sw rea ce: 
O=12Mp+/0ONpL-6Vpl+5PL 
- 
EIgA -0:[tHo+hpl Ps-Vpls)ds 
CL L P 
(Mp Vo3)-35+ op: VpL+Nps+h\(-LJ}ds 
o (a) 
O=12Mp+bNpL-/OVoL+tSPL 
Z £ l 
Ere 20 (Mot Mpslids+ (Mprpk +B -tostdr4l Ig Vogl 
Ci a 0 


(rt ~Vol + Nps+PslliJds 
0 
0=94Mp + 2Mpl -2¥ol+PH 

° ae ° 


U 


From B te € yal 
Ma Mg + a-Rs ~Mgs ~ —3~ 


From 8 to D To C 


M=Mg+VeR sir O-MR(I-@Ss &) 
sri. ALS a A 
JU | 2 Mg tarts Mg) ~ “3B hs) ds 


O 
. 
[ Matte R si O-MEOY py, asa]Rde 
oO 


2 
O = Mgl2+t)- Bi +97) + ZVeR+ Sak 


A 
| 1G -NeR(I-< s ; 

& coz [ MbeUyRsb e-MaRO- OA e 6 OsRde 
(4, 


IV, & 
O- 2M - 2NgR+SUeRT 
2 1 | 
RK xt . 
ol -o=[-P8 +urks - Np 5 - 2 i\d54 Mp VaR sti O-NgR(I-OSO) agg 
OMp "fy EI ale PE 


ra 
O=Mg(2+m1)—-Ng R(2+7) + 2%yR+ 2wR 
Ng =O. 


ye ey IS - 0,32 RK 
“0 3¢n “+ 2n -8) 2 a 
Mo =o OTe 9 257 ur R* 


This problem ss simelar to Example 5.18, with 3B Springs, 
Beclavse of s mmetr J there are on ly two onknown sprin f forces 
H=Cc , and B. Let the load carried by spring B be the redondant. 


Then by € pibbuum Az=c =4£WL-B), and gh. 2C = _L, 
The bending moment in section AB rs 


QB =). 
2/98 


My 


_ 2 
hy = L (url - B)- wx ; 


bexL bk, and Mg x 7 
sy a ee “ee yep es 
$e = ff Thwe-as - TX'1(- dx + 2 (SE A-4)] + a =0 

Titeprating and Soly 9 fer B, we fend. 
Tk + Sut 


¢ 
DG = BR Suet 


wh wh 

er and A=C =4(WL-B)= we * eT 
“ > 

age Cte 


Kk 
Let the force at the roller L . Qa 
be the redundant. a 
In section BC, the bendurg moment 
_ M 
1S Mae = Ax, , SRE no) 04X%,2L. 


ht ke Wise, the moment 77) sectio ABis 
Mag = QL+ (Q—Re)x, ) 20 - 


2) 5Re = —X, ;j of£X%2,EL 
L 
Hence, ay = ge J [GL +@-Re)ra (ed, = © 
td * 3 
4 ~ Gh get PA)E =O ot 5Q—aRy=0; Ror B. 


Let the SPring force PF be the redundant. Then the moment 
at any sectim distant x from the Spring 15 M= Px — Wa" 


Let the vertical reactim P at the roller support be 
the redundant: Then the snowed at aay Section @ 1s 


M = PR(I-Cos 0) -OR nO, 0404 Land 
aes - RUi- @s @) + Hence, 


Wa. 
“7 QU — R{t-Lo ~QR smb ~ C688) dO=0 
e155 =) [ PRli-cosa) -QRsm][RC YR 


pR°(-32~2) = 


Let the yexctiou at B, Ky, be vedundayl. Then the reactims 


at f and C respectively, are Ky = ue = = B and 

Re 2 uw - 1 Kg , where {of Pit. Fe bendiag moment 

"| Section AB IS N= RK, X= WX O4X,&L,, and Mes seen: HEME 
_ ie" 2. 7Re 


| 
Similarly, the moment 1% Ssectim BC ~<a 


ig itm 2 | 2 = L 
Mee = K aX, we, 02x, £1, , and hee a ae, 


| I, fy L 
z By So den hat 
“s. = bel) Oh ZH) Bx)ex, + | OR YE) A)ud=0 

B /p D 


i) = url 3 wrt, = 
€ Ryty - >) Ly + (3 Rota pa 
And ww (GF Ered) = wl (+3 bby +) 
rs nn | ti 
g L,b> jibes 


Let the veaction ? at the wile support 
| —‘be the redundant. Then, the R 
moment in section BC i's 


Mae= PRCi~Ses 6), 0484E , and 
flac = R6i-Gs8)- Similarly, the moment in sedion KB 
1s Meo, > Pe +(P-Q)X, o4X SK, and oa = Re 


| We, uw ee t 
* ie. = J ne (PQ) |(Rex}dx = O 
P Af { PR*CI-C488) KdO +f [PRP Q)x| +x)dX 


3 
v PR( AE +4)~ 2% =p 51 P= ear = 0.30978R 


A 


5.86 
Ailso 


Fyom Prov. SBT, Lot haart Ma = &A, aie. z 
Vp.e = YL + (@—-R,)X, aa OL - Rx, ) tne =. oe: 2x, | D&X,4L. 


a Bl Qx)exdx, + £ # { fau- 2x,)|(L-2%2)\dX, 


ot 


$+ QL Qe — 79€ 
Sel jap 


From Prob. 5.83, We hart Mx PR Ci- bos 8) OR sim b= 22 RU =es8)- ~QRsnP 
-- sa = 2RUi- la ® _ Ravi 6, Dt BF 5. There hoes, 
Sg = 


— g 
az | Qf 2Benk (o3 6) - Rsmoff 2£0— ~L05 9 _Rsine] RSE 


- QRC3aT*™— 37-9) _ ~ 0.0835 2k 


7 QR fF - 
EL wre 4EL(37-¢) 


| By Frob. S- 85, Mic = P(Rex) - QXx, CSE BR. We need 
Feountake only the stratn energy of Section AB ({ Sse Example 
S16 ). Thun, wth 2Mpp . _ x, 


Sg = f\ (Pears) -@x] -x)dx = - P+ < 
Sice P= 0.3078 Q (Sex Prob. 5.85), 


| = 0.0752 OR 
| we the force Ty the SPriag 


neiaconll Mo 
be Wed otek Then, The bending 7 


is 


Bs 


— 


a 7 =. ead 
Api + GET 


Let Ks be. the redundant. 


Then, by Egoilibrions, Ry=R, = Q-Ro ie A 
The moment 14 sechoy BC 13 


Mp. = P-Kex | Mae = 5, da cE. 
ORg Re 
Therefore, uth Symmetry, We fave 
a df Teens + oe 
_ eAL 
FT 2 patil 5) + f= 0. Thus, Kp = rsas ta 
os 3 
Kg = = (30,000) W)(S) = = [0551 N= /0:SSIAN 
49 (ago xi01)(Aep. Ox (0°) +0 )is ) 
Mery = My (3) = Q-fe L . e000 = 15SI-(s) = JY] Nm: Jathnem 


2 Gi, = Mame S = Brasil) BPH) _ yg.92 fe 


me Ly Aud x/0* 


Let Re be the redondant. Then 
04x41, + Pewee, a Zi "3 


dU 
— =m . Ww, z Re : ba _ 
: af (Rex SE Mle + Ree 


> 


After pibepradt si 4, We hare Caolving for K.) 


wt t 
R= ee. ah _- 
Hoy geA lta ehll, 
BET bah, 
T= £(30NG0)% 1.9225 X10 mm? = 1, 9225x106 ott: a FT=S, 
With the yesvlt of Prob. S41, Wt hone = 19.6351) 
a Az 


R = _ me CLOLEIL Nig. 3saue#] a awe tw ai 
Cc e( Zax 00 197-638x 0-4) 3p 2a (2noxfoU(3 


= 0.5406 ur (N)) with o> Yan 


| By Fag. P5493, 7 
= | CaoNyo)? — 
sscchninina 


Lo = ds —FH “fe 
| = 0.2{33xib Saad 
= 6.2133x/p ems 


- 7 Loe 3,3 q24xloomm' = 3.302900 “im? 


ved 7g be the redundact (Fe. a’ 
Then ae Sectim BK, Tage = "2% 2 ={ TT 


Tw Seetim KA Tah ~ 1, a, P!4q = | (6, 660] NY 
Jp 

Tn sectims C0 (FH), 
| = Ta-t OMe a a ahh 
Mep ey Bu FT * i000 [e406] 

£00 60° 

ee OU [2 -T\ by (= ex iol +4] GeDin= 0 

dTs )0d Eu) OJ lp g 
oY 


[28(Tp -T) x 600 Ig a toe lTZD . 
Jet &T om 


[200 + 128 \T = 
(120 +e 


E 


S.5638 Tg - 3.28201 — Te = 098777 = [.7O97 AN: Mf 


(A) 7,-T =~. 2303 Ae m 


“- Ono 2 4b. 70 4 MPaincD (a Fé) 


b ~ Ime, - O62 - js.c4¢ MPA 
W Ont J 3.3929 


woof Ted x feos: + CoM 0 


| (iS + LYT. = ANT | y= mca)” 


ey F P — 4 opt xtO tt 
[o134x0F 7, = ae T scan 
oe ig, = 0.7467 7 


Tintox = mee : syne a ee M Pa 


02] 


5-95 | Let 8. be the Redon dant - 
Higgs = 7 (180)! 


| a 
= 51. 530x 10 mmt= Si. BOxo St 


! | 3 b , yf O=25 RN 
Lge = (j00)(260) — L (soi = 2779710 mm = 27.810 Mm Gy 
For Sectim BC, es = , 
Mac = RX, O4K,E of | oi 52 ; R | 
: Tip= 2 Lag 
Fin Section A 8, 


as ! tL» x 
uM B =(R.-Q) x, 9 OS%22 45 She =x, 


TAG = 2 ke , OSX 22% Tie = 2 


oR. r [ea %y dX, hoe fa Xy-dX, ez fasdadns0 


—, (ay ™ a-a’ ‘ Rea? O 
(4.00 1° )(29.78'7 (3) (do0xi0 XE1.53)( 3) (77. 5x10?) (2x 51-53) 
Hence F 


7401 KR. = 0- ASS 7H 
Re = o.lus7Q = 3-7/7 AN 


Let Rp be redundavt. 


5 a 
hes: ae ree) = 20.35% xi0%umt — 20.35¢x10-°*m¢t J) D 
x 


AC 


= 3 Yeats > o 3 
Tgp = -kC0UZ0) = 4. 320 x10 4.32x 10 nf IR, 


For section B D, 


) £2: 0m 
May = RoXs) O4%; 2) T= Ks 


For section AD, 
thal Kp Xz 1 O£X, 51.5; 


i 
ay Sig T= lek m 


(Roy) Ady + staf x3): xdG 475 _{cernngo 


aT. t Ako” .s)(10)" =x35 
(77. 8) (20. 356} 


_ Belarinr gt - Kocesyew 4 
~ 3 (2004.32) (3) (a00)(20. 358/2) 


“. L4A4l9 Ky = - 1.9614 Te 
Ry = —0-aSSSRN 255.9 (downurard ) 


Let Ve, M. be the redundant s. 

Pe kn Bc Mg. Vex, "MM, , OfK, 2a: Mos atts if ha Sy) Me 
oie sz-~!. For section £6, ae RX, Mp, aaa t 
04%, <L-a; rie = Xara ) SAR = I. 

ae [¢ (YeX-Me)- Xydey [1 fas —GX,-MJ(at%,) = @) 


aus flan =M\Ci)dx, + fi Ev.catx,) ~24 Me] )dX=D 0) 


Za 
Egs. ld AML —-K&e ls -QlL-a) ) 
a yie eit Ee Rta) CAL t4) 


The Solution of Ege) 15 M= Gla aa lLray> » = G(2-3e'L Ha’) ye 


= rps) = 24.8510’ mm? = 2Y-85410- “mt 


By the oh of Prob. S97 y wrth Lz am and a=Ys= mn, 


Ve = QL 27-303) ) +263) I/2? = 0.7407 @ 
M. = QLQQ- 22) +GyJ/a* = 929639 
0.2963 -. Tages 100 MPa = (2163178) » =the 


Muay = Me . 


Then for section GP, 


bh = VX, ; os xe ; Meo . x, xt 
Mep _ 
+ 


For sectiom BC, Mee= Viita—-QX, ,04%,6L. 
Doc = Lx, , OMe _o. 
For sechon AB Mgp = 2VL-QL+HX;, O£x,4L. She le al a’ 


: aU. (% Wa) adn + {[yie -Qal/Lendx, + (¢ avi.- QL+ Ha Yal)dky =O 
pure 
a 


3 2 
mae re V(Z) - BEE $4VE 5292+ =0 © 
GF 


2Y 
OH 


L 
= J, AVE Re4 Hi) Ad = 0 
. VL - OL HE 2) (b) 
The solotim of npn @) and bh 33 
y= £9, H=Z@- 


The Moxemum moment cs QL at C. -. j20= Fe PCgeiC 40 


5.100 
2-413x/0% 


since T= 4 Gots 3-4i3x/0%mmt 2. @ 35197 y= wry gs 
From Prob. 5-99, Mage = V(LtRY-QX,, and Mags ave -@LtHAs - 
L =< 

a $0 2k [ivtien) Grenier, +b f(a -Al t 9 C0 M5 = Fe 


IV +¢Q-3H) = = QE (- nk +9 - 34) = 0.09848 SE = Z.L0mm? Sg 


RN 


sé =. (- 


From Exemple 5.15, We have Kz a (Fy. 4). Hence, the moment | 


Jia gran for the beam 15s sine at by he wacsrusns wiument 
is Muay = a at the wall. P - 

Therefore yreld occurs first at 
the wll. 


(A) 5. Mn % 2h _b iG BL 
= Ys AE 10 bh “Te 


3p 
16 


(b) Fo vlf laste tA 
at th en ve 


al the momen ; . 
b epal BGM) -aPbag lyse P <aBhy 


(c) For aplastic hinge at 8, Mpzibh y= KS. Then, 
R = 4 Me : Also, There 15 @& plastec hinge oat the 
urall A, where the moment 1s Mg = Gbh’Y= Mg Gs.c) 


P= Foe 
L/2 | Lf, 


5 G 

() [= 2M 
Cd) The moment dia pram for F- Poe IS Showy wn Fig. 

Maz BEY 


© For P= B,, the deformed 
Shape of the beamis ™> 
Shown ih Fipe€. 


B) Us rece. 22ction of Ay member 2a gbpur wk 
Fig. 4. By Fig 4, 
a = (J; -d;) =F (.20'- 0.100") Ie 4 |2Dmm = 
J = 1.054¢x17° mt @) 
Theutne, by Ep. -@. IS) with EFA, CS 
Tmay = SOMPQ, auk Y= B= 82 =D.Dbm, 


b ~5) 
Tx Cee T , Cesena 
% 


9.06 O 


Figere a 


T = 9.783 AN mM (b) 


Cb) By EF 6-15), thy ohear attae at raya 
t= £9:793.x107)( 0-050) _ 41.67 Mp 


1-0SYx [p"> 


An Figd..a amd b. By Fig. a, Ay area of Ap Croce dectipn 


|. —z00 mm —| k-— 200 mm — 


S 


ee 


Figure @ Figure b 
A, =F (0.20)” = 0.051416 m~ (2) 


(Ccont.) 


area, of thy hallo abaft sa, by Fg? 


Ay = As = (2036) = Te 
”v d = 0. 14l4 am (b) 


(a) Fin a Qetegy Iripee T= S00 AN mM , the mepemun 
Ahearn ain Hip artid theaft sa by Eg b-1S) od Fig a; 
Cy 2 EE = (B10 ON) 55.930 mPa 
2 Ss 3 (0.200)7 
Seuitordy, b+ e615 and Fig. b, Hy smazinum abser dew on 
thr, Idlour theft 14, wrth by -), 
| Tr. _ Goxs07(o.100) 


r= = 67.8972 MPa 
H” Sy Zz (0.200% o.tuty't) 


Hence , 
TH = 1.333 >) 
Ts 
(b) Me arth dei} haft Nea a. fleyural abiffnsee 
GJ, = U7-SxOOLF (0.2004) = 12.174 MN- mt” Dy, Botte 
Ab apt Avs & flexural Miffras 6 Sy* €7.5x10")[E (0.200"- o.tuiy'l] 
= 9.132 MN: m?. Therefor 
GJu = .750 () 
it ta mada Oey wight of oe of 
“thay urti 
ahsar shoe wih Mist cheft hy 
dffres $y AS 7%. Mus 


6.3 By Ee G15), aon heeding Ae cofety factor , Wwe 
Dark 


(s.f)T = ts (4) 


Wher ~ = 0.1m, T= ¢0.0 RN M aud T= ISomPa. 


Js =H (0-200)* = 1.5708 xt m+ Gy 


Fn Hey MMlow tof, Wh ¥: = 0.0707 m, 


Jy = -(0-100* — 0.0707)%) = 1.1781%10"* m+ (¢) 


Mente, Ay Ega. (a) and b), Hae atfety focta for the 
— Lisoxio1-s7ogx0!) _ 4 
GF, ($0.bx 10?)( 0. 100) A948 
Ainley, by E fs. Cando), tte cakely fectlor 


b , Ix1o7 * 
(5), = (150x10°) (11 781X10 t) = 2.209 


(30.0x1D3)(0. 1 00) 
EMM e pregenek ak anrgclapeeh on a 
CO By Fig. a, thy floler moment of ty dpe ed 


} 
Tom = $5 (0-050* = 6.136x0"! 


nt 


is t= a.prix to emt 
Jog = Fy (0-080)" = 4.021x 


: Ay EG ES), the Arr gesen vin the middle an 
pu aoLine are ah 
Te © Sou _ Goxib (6. 136x107 V) = 1.4713 RN-m 


0.025" 


Tye TIoe — Goaio4.o2z1xw) — 4.031 RN-m 
OE = 


0.040 


1g 


Figure b 


r. 2 Ts xeon 
By Fig. b, thy frolar momete fanelia. for the mabilil) 
Ag 


Tram = Sonn + Ee (0-080"— 0.090") = 1.963x10~° 


) b sb 
Tan = eS Cl 2 Goxio’)(1.763x10 ) = 2.738 AN-m 


0-043 - 
Tue = Toe = 6.031 &N-m 


Nene, Mig Leaegn Te epur Aa. Tyg, = 2-738 eA 


(cont.) 


(b) He imertete of. Torgue Dus to Ay abeemt 40 


AT = Thm ~ Tom = 2-738-1-413 = 1.265 2N.m 
59% 
ne hae eon 8 
Levy 08: Tog = IOAN ee 
Length AB: Tag = ISANm —> @) 
Length BC: Tec = I4ANm << 
@ We ontazicmum Ariger acli.vn Songth AB, and Mr 
Comtapeendrng mayen Ahsan ciese 41 hough AB 44 
or = Tr . Cen loese) _ - J29.4 MPa 


ae TE (0.100% 0. 0804) 
(b) By EF- 6-12) Ahe angle F Murch of 0 Artein menher of 
fenyth | «4 pe eL= 25 (b) 


6+ Gun wvereaae of 


raft oct tbaea Fig.a. 
BC an wbuch hifferwif 


Figure OO 


Uns angh of Hiieh of the momar af C (Fip.a) dt 


Y. = Wea t Von + Yao (e) 
Wire Weg ve Ate argh of Aare of sector c relative 
X scctim B, bg 1 the angle of Hurd of decliin B beth 
10 a0cticn A, and Wi, ct thy angle op tagist of tect trarldon 
He 0. 
bag Ego .(@), (b), and(C), wath Fg.a, wre ford 
_ Tac hac _ (t4xl070.300) 
Yee 


~ GS 7x0 YEE (o1mpy-0.000") 


3 
— (yxs0* (0.300) = an nage rad «e- 
(27«109(5. 726 xi") 


i> . . 
<inibarky , Ws p - Taalas = s810)(0.300) = 0,0288 rad —»> 


CST @ 710%) (c.796x10"© 


Yap = TonLos = (10x107)( 4.300) = 0.0192 rad << 
RO “ET (A7X ONES. THD" 


Y= Weat Vea t Y, 


= 0.0264 <- + 0-O258 > + 0.0191 


Y= O-0172 rad <« 


Tinto Ren gtha. ON ard AB 14 whieh thy Forget av iflrent 
Whey QE 
Toy = 17040305 2.0 &N-mM —» 
(9) 
= 06:30 &N.m —> 


Iq Fifa, Aly peotan mem of entre. are 


= JD -7 wt 
Jon =F (2.0604) = 6.136 x10-7 ib) 


~3 
= W/p.o30t) = 7-952x/0° mt 
Jae = a ( 0.030%) 7-9 


50mm 1.70 kN-m 30 mm 


800 mm 


Figure a 


(O) Whe Cerneed Ling hear dbieut am Length On onk A 


Gre, with Freel Ton ba = Ladx10)(0-029) 3) ug mPa 


Don 6.136 x 1077 


ay = Inataa — (0.30n10°(0.015) = 64. 59 mpo 
AB Jap 7.952 xio~ 3 


Mesasfore , He meprinunn atrear abitaw tt Dayag2 BI-49 men. of 
Becund, wr Ay Length ON- 
(6) Ths safely foclor 12. , grin that Ty = IbomPa, 


T 
7. ty _ bo _ 


6.7 | Ds angle of tariet of thy free cued) of the Trsion 
Trem fer ete beat Te Fig 6) 

Y= Yon +t Yao (4) 
Whang Woy te thy angle of Hivist of act Brelrtire 
Aa achitn A auk Way +4 hy ange f tiriel of arelarn 
A Akaeline DH O. Qn general, hag E& (6-12), 


Wrel = te (b) 


Figure @ 


Nenee , by Eg. (h) and Fig. @, 
Usa = Topline - (3000-50) _ a d 
BA 6 Iag O7-Sa0T.ISExI0 8) OA "@ 


Tha L GB 3) ) 
_ OA OA = -OK (0 0,300, = 0.0336 rad —> 
Ya Jon (77-5109) (b.136x10"") 


Nene, Ay Ego.) avd), 


Weg = Yan + Vap= 010243 + 0.0336 = 0.055 Maj —v 


6.8 | ince thy met rptatia af a, apeedd of. I780¥em=8b.4 rah 
=, 1a «peed of. Abe gear Bat th, pitch radius. y= D.030m, 


AY ( Fig.) 


UZ = Dh = (18b-u)(o-030) = 5.592 mis (@) 


Wenie, the apse of retalion of that CD 24 given by the 
Athtin 

Uz =W'B= A (b) 
or by E gs. G) audh) and Fig. (K = 0.120 m) 


5.592 _ 
Wp = 5p = 46-60 rad/s ©) 


Bence pow +0 plete) % Torque and angeler 2p004 
WwW ty the relitin 


P=Tw () 
Ak durcee thy, anptn, delirent P= 1s kW of power, by 
Eg -d), th, Leger an Athokt AB it 


3 
= JSxio _ 
er Teg = 90-47 Nem (2) 


Semiledy , with EF.©), Ab, Hor gare an theft cp +4 


3 
— SKID 321.89 Nem ) 
Tep (Cs 


46.60 


(Con t.) 


AB Xe, wilh Trg = 30-47 Nem aw d= 0.020 m, 


Tr q (80.47)(0.010) _ 61.23 yp 
eS > = . a, 
Timex = “J (0.020%) 


The mayimim thee sheer nathiff CD, wth 
Tep = 321-89 NM andd,= 0.040mM, At 


Gray = eR = = £321.89) (0-020) 871(0-020) = 25.61 Mpa 
men SE (0.040%) 


EE) Banc pont D ond Fone lap th aE oP 
frags, Go gn, by Fig, Ab, prs off 
Gear B au abeft AB 24 


- = 120 = Hf 
Sao = tg top 30 °°) ane 


= Ow 
_ . S$ 
Was = ar Fas = 150.796 ved/ (b) 


(Cont) 


Bo, ince ithe metr Abinna P=ISKW, by Eps.) and 
(e), th, Apigex 1 abinff CD +4 


3 
T, = /SX!I0" 397.39 Nem @) 
CO 37-699 


Acmitely Ay ps -h) endl), th, Loigue +1 theft A 
AA 


3 
= 1sxlO . N.m e 
Tare 150-1% 79.47 (e) 


THe, for hokt CD (Fiz.a), by Ege. 6-15) and (db) ure far’ 


Cep = SSxI0°N. = Tep (3/2) - 397.84 Ub) 
” de 


% 
Ba, 
dz = 0.0333 m = 33.3 mm 


Semler abald AB, 


_ bw. Tas (d/2)_ ¢9.07)(1b) 
Tag = FORD aye = —_——— = + 


ACh 


d = 0.0210 M = 21.0 mm 


Sree the 16 Wien el eHis ab 3000 YPM, the 
ARaft Mek ot an an goter apred of (2 Fig.a) 
Lo = 3600 (422)>1 g00rpM = 198.5 rad/s @ 


‘Vener, ay Fig. a, deer Ahe pour delinwed by the 
oft Jy he gear ria P=skw, Ube Aprgee 1n dength 
OA An, wath Ega.Q@) avd), 


Toa Sait = 26.525 N.y (9) 
ince athe prover Mhinereh hy the Length 06 cv 1340) 
Ah, Karger an Length 0G +4 


Toe= 13x10" =68.96N-m ©) 


emily, for tangth BC 


_ ¥xId* =Ut-440 Nem (e) 
Tec= ee 7% G 


Bg Epo. ©,a, and), Khe manemume Apigpisn wu tte 
Ahuaft 4 Tray = 68-97 Wm. Hence, by E615), wal 
Ly = 180 MPA and SF=!. 80, dhe wencmune 


Dcamitin d of thy ahaft <1 ynen by Hhe Acticin 


Cont.) 


le] 


(S.F) Tye 130 (68.966) = TyF ~ ((80x10°) (Td %2) 
ms | r d/2 


d=0.01524m = 16.2 mm 


Ns deflection of C (Fig.a) can be dir mined bY 


beam ot euergy methedd.. We +n abl epecat 
ark offerte arn P fD co thet ll ve 
hear Abiat menher 

AB 14 thick) 0 

a ob mayrtid 


Gat PLy _ gu pe a) 
EIx rede 


Meher AB alec unlrgete a. stalin of Lee Ep-.129] 


pee Th, = 52PLe 
Yr lens Tee | 
AM BC ssn ‘ ) a 


Hence, Aly Artal bupitiar b ot pg it C x2 


= 6045S.) = B2PLi ( aGLs +38; 
A= $e Sy = or ( ES 4.) 


( Cont.) 


P = 3d "EG A = KA 
~ 34h, (aelir3elz) 


y — _ 3mrdt&e 
K = 32L,(26L*+ 3ELz) @) 


mek AB ALC ER-(.13)] 


z L, 3 
U,= | M-d2=[ _P2 _ 3aPrl, 
GB SAEIy , ees 31 Ed © 


Che Anascin ctrawt energy of memher AG 44 Leg (S-1b)J 


L 2. 2 
ye (TZ. 1 PA) _ 1bPPLL, 
Ur® |agqd2 = / 26(2 4) = oy C 


Bu Egd (©) and &) Ay Meta) cain energy of, thy tpi 
AA, Arne member BC 4A niged , 


3 Zz 
_ 32P7L, , 16P* LL, @) 


her, by EG) and Caclighing's Meoum LEF- 6.11] 
—~ QU — 32L, (264 +3E4,) : 
A P PL 37tdt EG 


p = 31d EGA 
SAL, (26L54+3EL3) 


= ka 


32L, (AGL +3EL) | (A) 


Egulins (d) and A) are Devtierl. 


6-12 |y meeseeineem Ahier ATind An the theft AB ott 
at ACEIg.a) on thy tm Cand tly Leon )of thy thuft, audit 


gat Maen) (a) 
Auk Ay th, Lritenel biteg 
~ Tld/2) 
v= = (b) 


were. (Fifa) 

Mz PL,,T=PL, © 
Weth L =1-3Om) L2=0.30m 
And d =b.050m, Ego.) (b) 
Aub) pielh 
T= PESO 0S) «9 ry099) P 


ty (0.050%) 


@) Figure a 
T= P (2:80N0.0501) 9. psocesp 
E (0.050+) 
Me lease 6° ond & aang ont. hurfce Lomait rarthy tp 


thy raft of A WAR <higeun ay} Fig. b. 


_ | 
Bg Fig b, aud Fpa.(d) auR(t-45) wath x 
Toney = 4TMPA, we Pave | A v 
Vrntng = apes =45SmMPa (e) ———— 
v 


Bay Eee -) ankle), we oblinw Figure b 
P=650N &) 
(c ont.) 


By bean thang , the depletion of B of 
rmenker ABC %.0) due ty P tt 


3 _ 1 (650)(1.50) = 0.01192 m 


_ t Pb 
53 = 3 EI, ~ 3 (Aoox109)( (0.05) @) 


enter AB undergece a rotation at B dusty tngurT 


ne deflection Sy at C (Fi9-0) duu t ty Da Cilisn af the 
MGR anenher BC r2, with Fe -O), 

Sy = by W =C-600)(d.0164035 = 0.013122 m (C) 
So, hy Ey.) ard, the dremurel Lephetion of ( 
“ | A=SgtSy = 0.0250 m a) 
Nke ali, hg the attutirn  Frablem 6.11, PaKh 
Wwhue, wath the given daly, 


_ 370'EG 25959 NV. 
~ 32L,(2617+3EL3) m 

wath [= 6SDN, we fend 

P _ 6SO 


A= = Zerg 


=0-0250 m 


The Rear parece nr thre betta of thy coupling onectt 
Aeagt Ae Arig, T C Fig. @, where 4 both are abyum). 


FOX A bolle, 2g throm of Apiguce ytthe 


2. Torgves = T—@TAR =o @.) 


Whore 


fA = TE DP (o) 
th Ly cnped—anctignel aria. of cach bolt ond <2 annge 
Abeer tine in cach bolt. Oy Eye @)ardb), wr 
obtann fon m botti 
T= ye URD t 


Figure a | — 
An Fig. Prob. 6, Lf R= 100mm anf D= Is mm, Ahe 
Anafh Trantmibr prwer at f= S He, and xby allerble 
Ahew, Abitee wn each hott aud thy Ahaff Lt T24S MPD. 
Abraft, au Aby power tat can be Lamaimiltteh, wre 
rrneg. fergeurd a4 follpwe: 


(¢ ont.) 


By eperbifrinn of Trig cd ph 
eo both my, syetd by the shale, ure Aare 
Z Torgues = T — 4(TiyA)R = O 


Where A= md/4. Uarelne, by anepemam allrumbl, 
Horgue 1 Uy Ahoff Lt, £O Cen = 4S MPb, 


T= 4(45xi0b) LE (0.0150°)](0.100) = 3180.9 N-m (a) 


Dy ty ersuiy frrmule. fr a trtid) ircakan bot 


_ Td) _ Td 
32. 


By Ego.@) auk(h), 


472 EL = 2 = 0.000 
TT Cymax 7 (asxl8) 360 mM 


Thar, the marcmumm. pei Miami of sty 
thafl, 4 d = 0.07NY -m = 7/.1-mm 

he porter P Autcay be Hianernided with Abu 
Aacamlo, ata frpnewey f=S Hz and a Apigue 


T = 3190.9 N-mM 40 


3 


P=Tw =Tlarf) = 3190.9(am)(5) =97-9 AW 


| 6-15) 
$= B(x-Vy- Bl x+By~ Blr+4) 
2B (17 hx* 314% hy % A) 
2 
ge - B(3x% 2nx-3y"); 28 = Boy-ch) 


Qo - B(-6 xy -Zhy); $4 Blex-2H) 


d, JO _ + oe 
Bg gy Oe ED B=3r 
Oey =~ ge -¢2 (3° dhy—3y") 


Along Y¥-AX15 Y=0; therefare 


O24 (y=0) > G2 (2hx 9x4) 


6.16 
’ 2h 2h x 
7 (a-o 
3 
T=2ffbdedl = G8 (x7 nx% sxy7 hy EB) dxdy 
Sh 
3 Ooh 
3 
2 x 
= £3? (-6x%10hx2 9h x* Zhe Laddx 
ZA 
3 
_ GOh? 
~ (53 


Cmax = 24ly=O)(x=-4) "2 


(SAT. = ETON Trax = yw bby 
ay 
With thy geien hate , B.(A) yretle 


SY (400) _ 
fp SL oO 955.2 NM 


Une aXijeped beat 14 abgun an Fig.a. dt ae 
made of atic! (G=716Pa) enh hare yilh bier 
y= 450 mPa. LgueT 20 
~ d d 
dot retin B. Euke A x 
Eee Eten 
Ly=b27m, d,=25-4m, and JK L, —ae— L., — 
da = 19.05 mu. (A) determine T Figure a 
Tn Carrde yrildiog. (b) Belermunt 
he antoecah artalan Wy of 8. 
tthignd AB aud BC gre, 7 


J 


¢ 4 y 4 
2 Ze = TOE = yoseay mm J = Wd = TA i29224mmt 
2. 


32 32. 


By eg i bbrium , Me Hilal Tpigur T= T+ Ty, wher 
T,, Te. Khe Ar win scclhignte ABaud BC, 

? “et The nigh of etate: atArcelion B AL, 
by, Ep-€-/2), . 


= Tb le Topo) _ TF (1-27) 
=—— oL i am Fatt? 
Ye GJ G Iz 409634 [AG aq. 


Therofne, Tz = 0-247 T, and T=0-9MbT, T,= 0.19947. 
The -moxinum Shear stress UH section AB ts 


va _ To _ Tr — 1bles006T) - 9 000 24862T 
meaxl(}) ~~ a 


J, ds | 77 (25:4)° 


The mauimem Shean stress in sectibéy BC rs 
_ Thee _ 16% _ (60.1) — 5.90014670T 


“Levan -. I ad Td; T (19.05)? 


Therefore, yield will oceur Psat 4 secting Ab. 


A€ ple Id FF = 450 MPa = 4so_N_. = 0. 000249827, 
, cman» 


aad T= I SOF &N-on 


Let d= R (+X 4). T he cons tent Aes actermmined by 

the Condition { Bores? and Chong, 2000 ) 

T's [fadde + &KA; 
where T 1s the tuoestry moment, K, 1S the valve of p 
at the inner elliptic Surface, R i the area bound by 
the thner and ovter elfipses, and H, is The sai par 
by the inner ellipse ( Figure A) pe! 
By Fig. A, A= hbk. By the epoator 

A Atk=1}. Therefore, 


em me | 


=% tegrat ™ gic ids (see « good table of integro|s) 


_ ., 
a= Thhli-#) Thos, ¢= ~ Thole ae * 6 ) 


By Eg (6-38) of the text, o = - 4 (BE SE) RB OHE ie ae 
By Ege. (6-43) and (6. 44) , 


Tax = Ty ~~ WaRCHAD 
>> _ ATX 
a” ae TROD 
/ ; El, bz h, 


le 77.5 mam , | 


b)(24.). = fe(e75{9/+ 191(5)” J=55,300 mm* 
<0, 00014. 5) - 97.6 MPa M Po 


nav ™ stm ~ 55, 300 
T . __ 600,000 Hy 
O-=--—~: ooo + 0.000140 rag sam 
GJ  11,500(55, 300) 
=O 140 rad /m 


= 2H 95(5) + 140(00) 4, a5 (9° Je (33, /00 mm” 


Cmay 133, 100 
{= wed ices - 665.4 Ni. mM 


6.22 By Ex 6.7, a Angee T = S000 Nem v4 
To a W U160 x 220 L- Seclign C Fig. “>. Dettrmere. Hh 
(A) Ude Eg. (6.60) lo caleulrte T. 
(b) re &p16-62) Wy cokealaAi J. 
(¢) Ute Ah, arolus T= 6.077% 10 °nun 
htlid un ATSC, 1997. 
(cl) Compare rttulle, gan ed 
4m Farle. 4) b), tude) D 
the Aceckle bleinef im 
Cx 6:7. Gnnedt 
A) By Ep (6-60), Figure a 
y= £ (abyehy (ay 


For are CFig. a), 2h = 366 mm and ab = 30 mm- 
I, = = (2u6)(s0) = 4, 758, 000 mm (b) 


Fn 2b, web, Ab= =d-lt, = 7/9 mm and 24= |b.Smm. 
Then, for hy wtb 


x. = £(1194)(I6-sf = 076,600 mmt (©) 


Ao, Hey Apcrcenol conitaat parte acct <1 , hy Ee Wendl, 


T= Ie tJ = 5.365107 °m* (AJ 


(cont) 


= BT bmay = A(S000)(0 01S) — 25, fa le 
Cm ar JT 5. B6SK [07 = 25. 58mfa Ce) 


TT _ _S000 = 
O= GY ~ Govxs-stsx107*) 0.0014 4b radim C 


(b) By Eg (6.62), 


y= Zeh)bh) 
Loe bos My flanger. blh = 8.5674 0, we Lah C =0.4. 
Neuer, with Ep.) Ab Aetdcined conslait £1. 


: -b yt 
T= 0.91 (S.865% 104) = S$. B37x10" ™ 


Ank 44m Put a, 
4 = 2( 500g (0.01) = 28.11 mPa 
Why 


- 6 
S$. 337K (0 (2) 


S060 = 0.00 HGF rad 
_ $060 
o = Qooxot) (6-3 310 +) (me 


©) Wt yr = b.077x108 wy = b.077 x07 m we hene 


— 2Cs000) (0.015) _ zu.bs mime 
Cnty 6.077K19-e + (h) 


. _ £6 = 6.004 Aah/m 


0 7 Caonot)(Lorme) 
) by Comparing ith, reat 5 Wiens of E ramp 6.7 
( Cmey <27-27 MPR auld B= 0.00454 rad/m) We 40 


Mat the 00sec vebue of T Helle the more coavrslint 
Cont. 


: at of Comey ari OC dmrabll, aretuce). 
Why rtdulle of Fart b compare marct nearly % Hhote 
of En ample es prdicling abighilly Larger sebass ef 
Cntay and b. UL, apbhued of Pat a gern 
Leak Hearn Haste Ex 6.7. 0 
hy Fargeat fe I tad (tat c) arabued 
Ate bpherence At 


AEM HAE Ce 2468) (00 = 13.9% 
24.68 


A path Loynfe “coud difference. Th, neteMts 
epenphe 6.7 7 open econ! Litim ako, 


aor s Isc 
atone of J corde argeuirnemenls be afrife Hhe A 


6.23 Fin each atticon, blh7 0. Thfer, fer for cach actif 
J 4 epee £ [2(sa)( ia) 44a (34)"]'= 0/224 at Home, 
Tina = 2T hn = 27H) = = 3.064 


0.1/224a4 


a= oF * Spit lazya') =8.170 oF 


Goud Jz 2-2! er = 158,220 mm? 


This, by Eg. 6-43), with T= 13S5b Nm 
ia eg er ~ 213s )o. 00b) _ 29M 
Tay = J 1-S822ZKID™ is 


aud) si 136 


8 =r (26.710). 58 2x1)" = get red/u 


Figure a 


ape A 


‘ 2 
: ae 
Js PL] 13¢(63)+ 100(123)]=6 457.8 mnt 


(2) Bene L= 1.2m, T= 226 Nm and 6277 mp3, 
| 


EG G63) rpioedy 


Y2OlL =Th 2 Ae) Lg sg rqy 
"6S (79x 109(6. 1458x103) ie Figure a 


rh 6mm 


(b) Oey, be Fig.a ank Eg 6.63), 
Vous = 2Thmax, , 2(22b)(0.012) _ 39.255 MPa 
J 


b.lu s9xio8 


Cstume C=! for 
Ath aL (Fi ya-0 and b} {reer tT 


Orddinasly t cab. Theyre, 2 TP + 
by oy oe I | | 
fale 


Juz bbtv,e-tledet? te 


aul ; 
T= glabt'+ (b-t (at)? Ja iP bt 


The failure ae is (SF)T = ko (2h)? max 2 ko(en 


2.00 3 


. 2 . 
1164 mate (circle) 0.5774 f (trieng le} 
rs 23.70 mm for circle 
he 55.27 mm for equilateral triangle 


1,000,000 _ 

lisguare) = a Boge 7 O48? Mh , 
_ /,000,000(23.70Ké 

loctrcle) - as PAY 24762 Mra MFa 


. 1SV3T _ 18VFC200,000) - 
Cipriang se) = 2h = 2 (55.27% = 76. 76.94 Mra MM Fa 


_~_7T___ __ 4,000,000 - 
square) = EEG * O14 (42) 475500 © 0.0000294 rad/mm = 0.0294 tad/m 


; __ T _ 4,900,000) _ 
Grcircle) = 7 = E310) 7, ay) =0,0000260 rad/mnz 0.0260 rad/m 


- Hg 1573 (1,000,000) - dmm =0.0379 rad/m rad/m 
= (55,27) 00) = 0.0000 354 ra iin in = 


Assume failure in 2m leng th (rectang/e) 
T( gox60 )=T +e = k(ebl2h) Gnax 20-231 (corso) =997.7 Ve 
TC 30x40) = 997.9- 350,0 = 647.9 N.™ 


Assume failure in |m lenarh (3ox¢o ). 


TC zx po )7Ry (2b)(2h)*Cnay = 0.233 (HoYao)*(45) = 36.26 Nom 


T C4oxbo) = 350t 36.26 = 71.26 
Failure OccluUrs (7 [mM length, 


- _ k yp) L 
A / f£ twist = - It 40 x60) Le 40x60) 30x (30K GO 
ngs © K (rectangle) (2bK2h)? Ge Fi Go xq) Zab)? C 


~_71,260 (2000) ___, _36/,260(/000) 
0.196 (60(40)%2] 100) © 0.17% (30)9 (23, /00) (4) 


= 0. 0b174+ 0.0693Y 
=0.1370prad 


AD GP. (6.c4), 
eae aed 
Liman = % (aoylah)” (4) 


Fit b/h = 33-142.7 = 3, by Table 6.1, b= 0-267. 
y With T= 138.7 N-mt, 2h =36.l mm, and 


ahr 12-7 mm , Eg @) itll 


max ~ 4.267(0.0381)(0.01Z1)" 


Sic Emnay Ce Lpeccal As the spit) abies, perth a just 
CF Ig. a). 7 Be condbinch Athy Gory edie stm —4 
(b) To ain ithe ahaan ahiter af the cent of | 
Abe <abeot ecdhe, inltrchange (@blaudh) fv atgg! 
an Ep (6-64). hua at thy conte of  Yeld occorg “un 
te short ache, fy Epa), ere. [ 


135-7 
ee . ME 
27.6 MP Figore a 


0.247(d.0127)(0.0381)" 
6.321 Cy ; _ 
and a f -b-64), utp, RH=N7 mm, Cmax = 5 = 3 (207)=138 MPA, 
=5L5 Nm, we Rane 


S65 
Tray MPR h (24) 14 2 5 ot Jbk, = 11-3413 (a) 
2\7000/\ oop 


By Tab P6.32, 
Ef @u ; 


Ohprcysn 
b= 44.3 anm, on Ay 
b x 22-4 mm. 


16.33 For the yec tan gular Cross or 


a ee ca a 
<a ~ fr, (2b) (Ah) - Sh kh k h 
For the cimcelay Cross sent On 
an ee TE: « TH. 2 
mak Fo ~ apyt 32 Wd? ; 
| Therefore, po. = toe Hi oP es none Bak 
a> Shhh 


iL 


A ss aug h(eha) 4) 


a) mw | yed 
For o given ralpe of h, t#Y ay fe sol Y 


trial and error (See Prob 6.32) 


16.34] —o _ 
assuming That beh, we have 


Coane = fog 0 TS 
There fore 
qwist— = 170.41 @) 


Mi ~ ~ G6)(9)L19-05) 
E geatim (A) may he solved PY trial and error. 
Try h= 1705. Then b/h -1 and by Table 6-1, fa,= 0-208 
fence, A= TS.448 2.8 G00. There for €, A>ob. 
Conse gaeat ly Liwax 1S shtasned by ce. (6.641 with 
b avd h in Rercher ke Also b and n must be 
Litecen ie ed ju Table 61 Thus, 

a OF ey et ee} p= TE = 8-97! 6) 

Tine Alanya” gah Toe 


tyral and errey. ve ha Ye. 


Doluting ce (B) by 
, (tont 


hh h/b h (by Table 6-1) Ar by 


{ 7.05 |-00 0.208 I. 164. 

A858 |. 50 O-AaZl £604. 
a}.40 £00 0-Zb G. 373 
36-75 {424 0.A¢3F g. fod 
3677 1-430 O-Avet 3.969 
36.73 Bi 0-24-40 gb 1% 


Yidieime BA = Si.17> we. 
For pel ( wath b=4 4m the sguare bar and 
—d=dvameter of the cirevlar bar), 
2 b) (24) = $4? = Te” Oo d= Z.25b7H 
For bah, b/a=l, fy =2208 by Table bel. 


Merce, To. Te oon FT 
Tinag (Sguvare bar} = & (2b)(2h)* (6.208 3)(4) 4 


[OT igct 5 = 0. YB 


Tey (evreslar bar) = Fa = ors) 


356 Cmex(eircoler bar) 


Tratx Cequere ber) =! 
T6300, Ape = ais, aba dS wm ood ADT 
Aber , hes Eg (m) of Aahkion 6-6, 


m=, 3,5,--° 
oe Ay Table bl, with bf, T= My (Ab)Zh)? = 1-789x10° mnt 


(b) By Egs.(h) of Backion 6-6, with ah= ze mm, dbz Somm, 
anh GO T/T Chyte 69S, we Asre 


Cont.) 


Cos QE sinh oe ] 
N* Cosh nir (6) 


~W/2 nix 
Cos 
x ape. ame y cl sn coon 
“By v 7 The =1,3,5,-- n™ cosh nir 


Lrhen buy ERO), wth T= 100 Nom, 


+ = 0.5596 N/mm? 


Fon pot (x= 12.5 mm, 20, ig. 4) 
Ege. (b) ond () yueld 
Jz, = 


ett 
Tzy = 0. B57 5 a5 - 200 [reahir* Ge Toh 3 * Treas 
"C a 
Fz, = 13-89 MP 
Fig. @), Ege (Wond €) yieep 


Cost sinh © cosh sink aT 
i, Feast t 
as ok .--] 


25 Cosh sr 


OL 
Szy = —|.744 MPa 


} , ( . b) — <2(0- = sina 


A5 Cosh Sit 


M2 S267 MPO 


- 406 209 (0, 5596)[tanhT— 2 ¢tanh 37 +3. tanh 577 L tonhrw--| 


Fon poiut C (x20, 4=25mm; Pipa), Ega.(b) and(c) 


Fp =h(2b)(2b)? 


= 0.369. 27030)" 


ov 
Tre = 2, 25L,610 me . 


Fn th, bitlen Pong, b/h = 18S/a0= 7.25; &, = 0.310. 
50, Hee Artima) conttand fry Hty be llom plange a4 

Jee = = h, (2Y(2h)?= 0. 310(370)(40)"= 7, 340,900 mm? 
Fn “thy web, b/h =14S/7.5 = 19.33. Theufyrs, &, 9-333. 
Thon, he Torierned contteal fo Mig ub 44 


Jy) = &, (26) (2h)3= 0.333 (299 15)" 328,724 mm4 


(Gt) 


He tarcarenad tanetint of Me 


J= Tret Jap + dw = G, 71 4,334 nt! = F.n9x10"" m$ (a) 


(A) By Ege. (A) aul (6.63), With T= 5000 NM ark 


hme = 20mm = 0.020m, Athy mapimen Aron Meee 
AA 


Care - AT Vmax — 4 (S000)(0.020) = 20.16 MPa 


— 


J G.919 «(076 


(Ib) By Eps.) dud (6.63), 064), wth T= 5000 Wm anf 
G = 200 GPa, the dughe of Ait fr unit Length Le 


6= = = _. = 0.00 
oT o0x104)(9.719x1b~°) OOLZSA rad/w 


By Fig. a, b/h= lo0/so= 2.0. Henee, be Tak b. 1, 
A, = 0.224 anh Rk, = 0-246. y 


(@) By Ge .(6-64), with Toy = 20 MPL, 100 mm 


men A (ALNZh)? —0--246(0.20)00.10) a0 x1 x 
Nene, 
T = 9540 N.m 100 mm 


(b) By Eg -G. cw, | {106mm —I 
tT. ~ 1340 Figure a 


a= AG b)(ah)> 0-224 (ao0x109)(0 .20)(0.10) 


6 = 0.00107 2ad/m 


rena of Legh 3h and wok & rdoe at the 
foudin of Abichnessce t; and ta ty thee Fig. a 


By Fig. a, Ce dé 


wa Ay 2 direlion pills 
DE = Gltde)- en, - fe = 
» 


" 4, = 7, t, tT 
‘ewe, thy shear flew g =r ¢, - yx 
AL concht: bye gvrea | 


$=Zt,= Trt, = Condbent 
SM OV TR. crger avctorr the Hgts 
Ad A4ewn 201 ig. & 2 


@ Loren Ahab t/D = 0-10, he Leraglh VY 
of th, bon 4a Ll. Som arid the 
D 4 T= HOMPA, W* bain Me 
Kripee T, by Eg-(6-66), at 
Ta an ct = 2(Eo%eoxso')(o.00) Figure a 
Men, teiee, D= Sdmm, T= 795-4 Nem 
Ato, by ioe wth G= 77.5 CP 
ped = (40x 10°) (1) (0.050) = ‘ 
Ce = eA 2(77.5x109)[ F (0.050) J 700206 vd 


Ao, YW = OL = (0-206) (1.5) = 0.0310 rad 


6.4 ont. . 
By tatreity Aes , Eg 6-15) pele with Fig.a, 


J G 
T= = = Hn 2 TE] (0.055)4 —(0.045)* ] = 7 FB.25 Nom 


0025 32 
ink by Fg 61%) 
~ T.-L tl. e__ yoxyo® 
o=-=-— = £2 —> kt = _ Oxi , 0 d 
EI GIF * GF Freq Moos = 07206 red /m 


/[lenee , YW =GL = 0.0206(1. 5) = 0.0300 bad 
2 


J, == [@. oii) (0.039) —— 
= 5030x108 mt Figure a 
GJ,= (27.0109) (60308 10) 
=1358.0N-m? (A) | 
Then, bey Ep 6.6), Ty = RATE = 2 dYTt = F (0.040)(6ox10*)( 0,002) 
ot 


Ty 
Tg = 301-57 N-m (b) 


Figure L 


L cReuptie, | 
J, =4 T[@.04y' ¢0.039)] + 5 F[0.04D* (0.0394) 


J, = FSS KF + 5.03910 = 1 S54xi0 ° m4 


cont 


Werte, Hg toticinal conceit fr Fig b +4 

GJ, =Q7. 0x07, sSyuxib’) = 20376N-m~ €) 
dine athe ahtan plore conatend, by Fig-b, uw? are 
$= = Gly C 


Where aubecrish 2 ard y hens thy 23mm aud 4mm 
Atchigna , Aespeelnily | Hence, by Ep. bbl arb), the 
Tol gare 21 


T, =dAg =an Ct, (m2 Tyts)= al WNcouabNo02 
ou wath D= 0-O40M, 
Ty = 301.597 N.m (@) 


Compassion of Epa) and () yirth 


J, — 

Ft So 63) 
Hemitely ) by Eps. (b) and), | 

Th =] (#) 


(h) By gd), 7, =60 MPo. 7T,, Whew T= 301-S9Nm, 
Neuer, wath t, = 2mm and ty = 4 mm, Eg-Oyuth 


— C2 ~2 _ 
Cy = eC, = Z (6) =30MPA 


Nence, 


(b) 


| bul cont.| (6) Egudlirm(f) fpr that Hy Trreina/ 
AMG nee of trode aection an fig. b 4o 50% hirgr 
Ahan Abed of ty roe arclign an Fig - Norrever, Ey-Y 
Agere Argh rock e0ection atlavie a —snoximum dhear 
Miu of 60 MPA whew Ts sok s Re Chante et 
of Fig b. Hever) bated pom Mp enitesl) 
oF a 30% emmreremend <n both Legere atid tertecry of 
4 ) We well rrearemend My croee acclion f Fea. 
More, Lowever, Hut f thy eng of Harill 2 epolanil, 
one wolf Nipve 8 tahe Mid ip beeen? Lene Lh 
rete. cickirn of Fig. b <a tifler ard henee reduce 


80 mm 


C=0-002 m. Hever with 
T= 0.002 mM, 
G = Cin angt = 0-002 T may, | 
Then, be Eglé.b6), With Ts 450p N-M, 
T = AAG = 2 0.0048)(0-002 Cmax) = 7500 Nm 


Conary 


Figure a 


or 


= 494.3 MPa 


@) Dry Fig.a, Ay, area auclocedl Ay he rcant perimeter 


AA. 

Al = 0.100(0.150) + $2 (0.(00)* = 0.0189 m® (A) 
Who, Avnen Hie theor Pour g=Tt <1 condlark, the 
Maryemum shear ghou mag = SSMPA occurs rit the 
0-004 m hich wall. Hever, by EG6-66), 


T=4hg= 2A Guat 


— SOU Dg: GAS cag ere ete ee ee: 
pots PR ES, Rasa eee eees So Fico A ER OT ET Fe 
‘ Ree ae 
eas q 
Pe 
i; 


T= 2(0-0199)(5Sx106/0.004) 
= B3Z/b N.m. 


Figure a 
0-005 m hich wall. Ly an the 0.005m Hurhuall, the 
thier dtd «eT = 44 MPa, with thy hear abive 
1 he 0.004 m thach ual T= 55 MPA. 
6-4 |The Grea erclyoed hey Zhe ean frimetr “1 (eee Fig.a) 
A = 0.050(0.150) + 0.040(0.08) = 0.0095m*> @) 
By Eg. 66) and(a), Tasng, or 
= = 5oq = © 
Bug Ee 667), wth ps Le ao.sarad oud ts Gt = lonibead, 
LB=O.12yad = L (44) (<) 


Where L= am A4the Louyth of the Member Aud t 30.0025 m, f= 0-so0m (Fig) 


6 -uu Cont | Tarefine, buy B42-@) ard ©), 
50 mm gs -120(2)(21.0¥ 10°Y 0.0095 )(0025) 15-34 fii (cl) 


0. $00( 2.0) 
iy 5 $4. (barbed), Aa Tanger T a 
T= 0-019 F =2924.1 N-M 
Ao, by Eg), with = TL the average 
: C2 G- E32 = 6l.5b Mea 


i. 


ig 


Figure a 


SAS thy Fig.a, the aren oneloaeh 
ft = 0.080(p.140) — + (0-060) : . 
= 0-0076 m2 () 
Snes, hg smorpairncem Ahsan AU sag mm 
GCeurd am thy 0.004 m Ahick. 
ural, Ay, Ep .6- bb), wth T= 3D00K-M, 
T=2AChagt, = 3000nN-m  ) 
Then, by Ey (A ard (), 


~3000___= 49. 34 Pa 


Coes = 30 a0 0) a 


F> Coal, =(47-3¢K0) (0. 00 4)= 177.4 &N/m (¢) 


Figure a 


By Fig.2, the meen perimeter Leugth of ithe 
uakl rf thcinas t, =0.00 ym ee 


f= LD = 0.0307 =0.09425m 4) 
duh the aytan feerrcinels hen h th. wal) Haichnoss t= 0-005 
AL 


A = 0-36 mM (2) 


Ba Efe. 0,6) @) arklb-69), 


_ EF aT 2 _1F 24x10? 0.OFY4LS” 0.380 
= AGA ( t, as * 2127x107)(0.007%4) 0-004 F o205) 


b- = 60-0477 Yrad/m 


Ar = 4,(0-090) (0.0115) 4-5 Fi(0.09q) 


As 0.008337 m* (4) 


Meayemuw Ahr AVL orreunrs Fiqurea 

AA th, Thinned ecctimn(t =0 003m). 

Therefare, Wh Ciyax = 60M P05 the aheonr flew” 2 
$= Tat = Goxw)(0-003) = 190 &N/m_ (b) 

Bg Ege -0),(b), éublb-bb), thy desegn Irrgee aw 

T= 4A = 2(0.008387)(180x103) = 3. 017 RN +m 


Oy Fig. a, A,=B) Age b. 
Then, by Eg 6.68), 
T=a2 = Ai $ =2(bF+b%)= Lb f- 
=f 


Where Fo = tence cable 
| aud 2 are 
ba=qe 


sk ne 


y) 


are = gee) Cog = Sh = =0 
(b) thy unt angle of Live? A, dy ee ten, 
0 shal Mh eB]; go9 


6 =F, (4)= re (EAH -3 


By Fig a, of Problem 6.47, without the Web, A= 2b" 
Thin, by @p G-bb), T=aAtt= yb tte Tae 


ba EG.(6.67), with & = londlput, 


tT 

L = te (Gert) (tb) =Hreet 
E49] By Fig. a, of Problem 6.47, without the web amdwith. & lon 
atk, Ly (6.62) iyi J=4(6b)t? = 260° 
Addirmang Hyt 6b/t 710.” a“ Efe. eo 


and 


mien bith p 0 ee bpd scan 
A= £(28-4)( 25-4 x ten bp) = 279.36mm> @.) 
Buy Ey -¢.66), . 
+ 
U = SHE &) 
With T= AON and t= 2.Summ, by Ey. @) aud (b) we 


20 
= 42 _______ = 1. 09 wpa. 
ae 2 (274. 3x10 “)(a- Sux 1077) 


lao, Ay EG b-6D; 
gz TA yore" ox 0.0251) _ 
AER 4(27. bx 10) (279-26x10°5) 
Oe) een a 
Aube (Fae.b); Gn the Trkangulr Aabe (Fiz. c), S 
TD=4Ls=3L> (@) 
With Egs.@) the dread enclosed by te 
UR nn Arn of D, 


= 0.0646 rad/m 


Ad Ege brehdill.ct), 


=~. . ~~t-.28 ‘ = ele 
Ce Ahct: cre ts = Zagt* Pape? OT aa ST 


Neuce, a 
ce y GG 
ae SS Sf 2] Teo hos 
ee : C ul BL, : 


¢) 


1g 


———4H 


Lr 


- te 1? 
fn a an ro) 


AGA, = AG N\W3tr*D*E 


. - 2 “ 
A. Te, A, =b. el, bey Eg--G-bL), 


fr<gual Baan. «Tiss si Mtg Figore a 


~k _ 
> gat °F dist Theyre, T. |T, = As IA, 2 Rela 


* hy Ey 6.7) with Ts =2,=7, Lozi, nud Le = 46, 


Compant Hy aheer Atitase ca thy tare Mpeeurg mondo. 
An Paphlem 6-52 When Hey ars ahgecly) to epual Listas 
Muomewe , ure bane by Ep (666), T= 2A Cet=ans Get. Theasfires, 


ts =Th = ! 
rr Fe. Bub by Problem b. 52, Ac Hb aud ths = b Fence, 


~- 
— 


2. 2 \ 
A=t60 sin Fz 692.8 mm” ae 


% 
7 =2ATt = 26692.8)(20)(y) = HO-EN.™ ” 


SL __ 20349 = 9,9 L 
© = Ga = Bs) ooaledae) 2 000085? raa/nm 


20,0559 rad/m 


= 45 ((4)) = [3,345 mm© 


(SE)T = 2A ty t min = 24 Cmin 


r- 2013 5 ISIS) - 13.92 Nem 


B92 bos 3 4° Bieag = 5186 Wn 


Bc. __ 519.6 __py), (st), 2087-0 0000182 rad/mn 
O = FAG 2H Cr ~ 2015, 395)(77, 50018 *5 “9 [+2 ae 


a=l 


-0.0182 rad/m 
56)2A, = 


2A2=4A34 thickness T=const. 
= sdazl4(S+3i(a-gF+e-a)4] 
= qacel 4S 2 (4-9) 2+(4~9)3] 
zeagel4, (8+ 4)+(%- W 344-42] 
q(E+3)+(4-4)84G-4)3 = 48+ +4 -4) 8+ (4-4) 


be Pubrafe Refs >| 


GF =e 
| a(S +a a)eHa-a)s = 2LalorW+G- a2 +4-4)8] 
7° 4; 


Since 47°%=4) the shearing stress in the saver wall 


must be #2Fr0. 


A, = 200(120) = 24,000mm ; As - 120060". 4500 min 


p— 200 mm — gO Inn 


2 


T= 24,4 + 2A2 %2= 18,0004 + 7600 9, 120mm 
5204 | 20lf -F,) a 
G “Rae J 
200 rn q,) 
Se TAGTI [44 * | 
q, 21.3380 4% 


T = 11,009, 000 = 48,000(1,3380 4,)+ 76004, 


G,2149.0 M/mm 5 9 =13780(149,0) =199.4 N/mm 


q 79, 
Cmax = ee 37 Mh 


_ _ 3000 520(194 b. w2oclPa.g- (490) 
B= OL= seriateyaag le = 0.0513 rad 
'opoaL em 6.58 Follows PROBLEM 6. 60. 


_ 40 40210)” , 


zo) 
12. 


J= 5 [210@0)" + 270 (20)+ 26a(15) 7 = /, 733,000 mm” 


-A [Eso ~ 280 | 200,000(65, 680,000) _ 
Qar-=> 
“21,733, 000(77,500) 2°? 
g0 


uy 
65,680,000 mm 


L _ 8000 _Tq _ 70003000 (1385) 
_ Tt 7,000 soot). . a 3Y,630 0.00005) 
= may. eee aXe . Le rhe 
Cmax Jd ly 733 000 = 30,18 (tka, Onay “Flee = 32 , 810, 000 =/¥2. [V2.9 (thy 
= ee / Sea, =1,145 000 mm"; , 2a, sate). = 2/7,200 m7 


J = 4[60ce) *+ 600)" 68(6) "| = 25 536 mm" 
-A /ELy - 24 [7z,000(2I7, 200) 
7=2V FG 13, 536(27,/00) ~ CLG Imm 


lL _ 800 Ta _ looP(e4ne) 
LA” 2416 — 3.3125; My = - 7¥ - 326.5P (Nm) 


M Me C 526 5PCs) 1600 PY) 
6) =~ “Le KOT = SEROUS LOMO POW D - 4 
max 4 Ty * Ly 108,600 "THs, 000 ~ 0.1¥61 = 160. Fa 


6.58 WYiron Abrat bt, =ht,, ye epecak Crted ~toclign af 
QAneees of Aly Avo cred acelione (a2e Figs. a aud b) wehaye 


A= 2(24o)(8) + Q120)(8) = 2(2yo)t, + a(iao)t, 
Zuot, =120t, 


Mne tpkutirn ok Ege @) +4 


=Gmm, t,= 12mm (2) 


@ 


b) Line thee wrong ebenr aticer fir cock monber 
AL, 
+ = 70.0 Mpa (C) 
fra te antmber ain, Fey. a, Wwe thane by GF. -@.66) 
with Pr =—40(120) = 28,800 my the area enclreed by 


the porcntler, 


Th, = AA TL, = 2(0,0288)(z0x10'[0.008) = RIL AN- m 


J Fig. b, wath G4 f,= % 
Ep¢.tb. or aA a ee, 
Ty = AA, t, = 2. (0.0288)(70x10')(d.006) = 24619 &N: mA 


whe Cay = Zp, = 7OMPA, ence t,=bmm aa Lees than t= 12min. 


240 mm b = 240 mm 


— 27 hax ces 150,000 (6) 
“Cntax = = aioe eae 66.49 MPa 


By Table 6.2 aud the data in Prob. 6.60 , 
oe head Sd ee ie 2CAY.6)] = 0.4567 rad. 
21 100 (15, §3¢) 


@) tog 


PSGRLLEEL 
ot | | |e Ke 
ean ne 


a eee a 
Kk | h=# 

In terms of the <a functing nodal values Fiyj, the torsiaral 

finite—dj fference sige LS C Eg. 6.92) and (6.93) ] 


(970), = BL Bayt Hs 6 ee pd 22 


By sgometry , only a as of the cross section need be 


Considered (Fig. A). Eguetion (A) must be evaluated at the 
Mode Points , Gu; (I, 2), --- Thes, Notia 9 Fiat Fs, 5h ee 


on the boundary a4vce zero [see Ep bry, we have 


cal qsl: B+ fa, ~4B, tht FE, = eee ae 


TS ae at are pny Ty i tb) 


92 
siete we obtay 
Pui = UF, 2 iy, 7 ~ 266h" © 
anes ~ 2b6h” @) 


Thga2 
Cra, ft: Fi ~4f, trae st 


ee. fee = @) 
(8,922! fg + By HR tn = aOeh 

Cre) qal: B, — ¢8ye eke F,. = —266h (6) 
aoe ae i Fan + fy ~# Bat Fyn =~ OEE (F) 
Cau gelt Fay — hy, +2 Fyn = —266h (h) 


Ca4,f=2' Fy. —4F,, & Fay —~260h" 


With the notation i =4, Fs = b. Paya, ae =d, Bie 


Iyy 


Fa 5 fo) o? and Fa = a a) ne Wate Bp4.(b)~ C6) ae 


—-44 4+ 2b +40 = -26-64" 
Ap aod = Bees: 
a -4C ¢adte = -acoh” 
b +Cc-4dt+f = -266h- (4) 
ec -4er2fF TZ = aad 
Jd +e -4¢F +4 = -266h 
@ -4~Z +2h = -aboh” 
f 44 -4%h = -260K" 


By TK Solver or any othey epuat iim Solver, the solutim of 
Ega{) is 


azf,, = 3.5873756 C=f,, = 3.036997 
b= Fo, = A-107783S f B= 2. BIZb8S 2 
C=F, = 34670078 ae Z.0SSAI4 
d =PC2Iea4 h= Fy, = 97/9741 


The Maximum Shear Stress occurs at node Gal £23. 
Therefore, with a fourth-order bachward-difference forme/a 


C Boresi and Chong, 1991); 
ae a = gl fi g-y~ Ie figs +72 By” E ,_,+90E,) 


zy 7 772 


For ce b f= 3, Jz, a Fxcmax) . There fore, with A che ae, 


-~32F,+ 2G, - 966, +S0F,/ Gea 


wae ie 
a 2x(may) Ib [en 
Ta Gx 0 — BAxA- 1071835 + 12 X359 13965 ~Tb%A 1011 835+ Sdx0] 


Bran 
ches: 


oe F3 x (may) = - 0-919 8313 GOA 1 Guay = ieee 


6. Z t. f | aa = nN the me s Vv fur the e@ res T 
: ? t Oo 
1 has ] i" Meter o j ™ ode Div I S wv both the Xx and a 

AA dg Ten xe, 0. are Oo Parte 


> a + v 
hat most be solved for node/ yalves of Pd. Analogous t 
Part a, Eg .@) yeelds — 


* Wfrl. -4¢4 + abu ae = —266h" fe 
belgrds a yb tcp = - 260h” Fin? 
CS ga 3 b -4¥c td 2g = -260h- aan 
_ -_y- _ We 
b= gst C-4d tah = ~266h F, xe 
C24, gal: a —yve +Afte = —266h" Ba =f 
(24424: bre -4f+ftg = —266h° te 4 
baa gah o + f-eF the h = — 260W A ei 
b=2fa4: dag uhh = -260h" fan. =f 
t= 3421: C-46 t24 +m = 26h" 5374 
623,424) fto-ustRtn = ~ 26h" pom 
; ; ; tt 
Cs4f=3: G+4-~Ur)+ 0 = 26th Fy= ™ 
b=3 fat Athol rp =~ robb | hea? 
fay geli laympamt py =~ 250" Fgh 
buy grar gtm—anrdta = 26-0)" fy, =¥ 
bay f23: A+n- gorges = 2604 | BAe” 
ixy, g=4 f+0-4prt = -260H ca 
L=5,f=li M-4F tan tu = — 2604 a 
. . e - u 
bss, gd: Nt ~4A+ stu = _266h" Rv 
Gs S423: O+fM—-tS5S F¢ttw = ~ 2604” re 
bao) Jat 6 ts —4t +x = _266h" Fey =X 
o=6, ¢>! : $ —-4U tavtgy = _260h" Fz, = 
Leb, gra AF u-~uvtwt? = -260h Fa 2h 
nee _ TC) 
=6, {73° ge rs tx + Ga) = ~AGAN f =(bb) 
C2 fei ftw -ar + (bb) = -2600 Fa =€9 
C=7 fel: U -4uytl2 +E) = ~ 26-6 h* Fea, =@d) 
is gahti rg Ga)$ Ud) = -260h~ FE, =(€¢) 
(=7, f=2di wW+e laa) +p 4€9 = -260h" 
CaTZ=4  X +Ga)—4lbb) +f) =-20eh” iy = 


C=8, f=(3 y-4lcc) + aCdd) = -266h 
(= 422: 2 +Cec) ~ 4d) 4€9= -260h 
i=8, #=3: Ga) Hed)-ylee) +69 = -266h 
f=8, 7-4 (bb) Hed - 464) = -200h" 


By TK solve or any other egvation Solver, the solotion of these 
32. 2 goations (s® 


The maximum shear stress is 


a 14.518555 - —~t[CF -322F +72F 
b 13.631189 Fen |e oy jos Co rcmax) aml wat br" 9> 
e 14.40592 
c 10.952108 — 6+ SDF, .] ey 
f 13.527047 J 4500 Jeokt 
= ~32b+ 740-96 
da 6.4327478 Oxxcmex) “gléa- 
g 10.872248 
h 6.3894416 
i 14.051032 For hz a/g and with the numerica( valves 
J 13.198832 for 4,bCondd, we have 
k 10.620394 | ) ) 
1 6.2527709 Texcmax) —~ ~0.91749GOa or 
m 13.400543 
n 12.596854 Cmax = Or F87b9 E02 
re) 10.157724 
p 6.0012483 : 
q 12.357434 An improvement on this result may be 
r 11.630318 
s 9.4123999 obtained by Eg (6.100), with 
t 5.5944985 
u 10.768556_ mM, = 8, S, = Crag = 9-F2747 6O8 
Vv 10.154583 _ _ = 0.91983 GOR 
w 8.2670597 N= 4, S, = Tmag= 01783 
x 4.9643459 
y 8.4076236 Thu s ms. — rs 
z 7.9523977 ee a a 
aa 6.5369101 ox ae - 44 
bb 3.9958255 [Gplo.9a744q) — 16 (0-419 ¢3)] G04 
cc 4.9571432 Te 
da 4.7104747 
ee 3.9323576 
= 0. 00 GOA 
ff 2.4820458 0.9300 & 


* These numerical Valves 
are for GOy-! 


This reso/f agrees With The exact 
solutim (9.9300G6a) Given by 
Timoshenlo and Foodier, Theory of Elastuity 
Me Grey Hill 1970 Gad ed. ) 


Giver. theif a bor, with Ally <orcwbn crs 
Aehitn wilh oulr rnadvur bank anmner nad a, 
a Nt te ceding momest T, whuek ia 
Enamel 6-12 fa tas for | 
® Ty af tree Batichlim ot cnctab pill 
at N= 24 eben uv Fig. dv. 


By Fe .(6.15), with 
T=% (bat) 
Ty %Y(E#) @ 
on. = 2by 
ty Tr(bt-a*) ©) 
Werte, hy &¢ 6.19), 


= “4 Y_ = Aly . 
y= at T6(b-a") 


(L) de thy Tn ancrturte beyond T, the 
) techn meet fi ‘ 
by (Fig -d). Lance thy crpen aadtoy a tharky AD rahi by, 
by Ege: (6-4) , by = . Tun, dcped ag 
be b, we hawt with EF), 


With Epa. (c) and d) ure find 
Wn terms of Ty 
~ ably 
Th, GUA) ola) (e) 

(¢) The elastec twos t1A9 m onen t 
Te is dve to the Shear stress 
from yea tofre= by C fiz. ). 
By Eg (6.15) with 4 T (stat) 


F Ig vuye ¢€ 
he yielded (Plast) 


The Plasti< tor gue Tp cdve to the shear stress 1" t 
region of the bar Cra by) is 

b 
Be [rt larnie = rely (Ete) oo 


P 
Y 


Therefore, 


Tep= Tet Te = al 2,[ Bobb +% bes") ] (4) 


(d) The folly plastic | -ynoment T 1s piven by letting by —7 a, 


am EG hy, Fig.¢. Thus, Since Trp? Ie as by 4, > h)yrell 
(c) 


_ am bu ba’) an 7.3.4 
= EY (EPA) = Ano (64) 
blari 


nm 
Dividing E ¢.ci) by Eg (4) and ve assem bling, wt O 
_ ¢ blbea?) 

Ty ~~ > ~froat. at tpt ly G) 


Note th at ag A->rA, TL ty [ See Eg.) Example 6.12]. 


(cont.) 


(C) when the limits valve of the moment Tvs released, the tube 
Sprinfs back (un winds elas fircally , and the Shear Stress- Strain 
Curve will FS oflour a path sinclar to lay im Fig. Y.ga, 

. 3 
Since Ty = 4 bee Ty, the elastic stress relovery at r= 


i$ ; 
t, = + aoe Zy - Since the recovers 15 elastic, the 


_ 4 4lb-2) 
4, ~ 3 "pat ( 


b 


yecovery at r=a 1s =H 


Hence, the re sidval stress at r=b Is 


- —~+4 plb2a?) Ly tly 


Th (restdeal) ~ 3 eat 


KE opecsdunl) = frye brede boa 
piresidval) = [ STB aD \zy (A) 


or 


and the residual stress at vea IS 


- _ - , 
Trcsidval) = ly + Alea? Cy 


= [pe state) fay, 


3( bat) 


Note that 4s a—>0, Ege. (A) aud(f) reduce to 
Tetnesideal) = —f By (See Fig FORD 


where the — sTgn denotes a shear stress in the opposi le 


Sense of the origmal shear stress fys 


and 
= Z. lo, fl > b, . 
C4 Cresidval ) Y (See Fig: & bile) 


G) Fr asoand b=4b, we Kane iy Polling 
Egeaben(b)—> L, = 2% 
Egusten Ch) —2 lep = a 7 1B) 2.029 6 L, 

or Te p= wou Zr) L292 Ty 


“is arabes ‘(Ter ope with E¥ jf Aeon 0. 
24 Durerr by Fig. 6.306. 
<1 @) Duy EG. (1.6), ap mayimum sheen Thain is, 
U0 it Y= 10° = 71/8 aed, b=D2=0-050m, and L=1.5m, 

Yinex = -P- = $020 (TT) = 0.005818 (a) 
We, meatmuvr bathe Ahear Miaic it, With Ly Zy = 1SD MPA. 
iuk & = 77.56Fa, 


y,= Y = ASDxIP 9.001935 (b) 
YC 775x104 


“Usen, by Ee-@ of dectiin 6. 10 ie Aadinra of Abe yh - 
flit Fonda Ad, with Eps. (a) aed b) 


nab = 0.01663 m | (c) 
ot 0, = 2h = 9.03327 m (J) 


By EfeG.103) ank @), 
T = lp = (FEO HG Dy oy = 38 dm ©) 


(cont.) 


6-644 cont] (1) HE rab, thy magnum Masts shear gtiteg 
da Ao T= Tgp = 38-41 ANm x4 
| r= Ter b _ G8-9« 107.050) 
& J FE (0.109) 
Ube haste, - plailic tries Listibetin anh th, ladle 
(Lied dha hitihictr dus ty a Trigur gf 36-9) Nh 
An heen an Fig: %. Me retusa! atewge at 


Ky aad r=b of unlondurt ort abun on Fig. b. 


ra 
—_. 
rin ‘ 


—46.16 MPa. 


W=16 6 nm k—- 
b=$0 


Figure. b 


Figure a 


(C) The teomennt ack AA, wath Wy = = Tg reh, [= j. SM, Tep=38-UAN- my 


= 1 6340)U-S) 
1S 78x10 YE )(0 -100)'t 


= 009732 red 


Dar. a Laml D=200 mm (Eg.a). 
Un, Wk shaft Rad an snibp Riameter D. = ISOmm 
CFig.b). Brth uli have De cane ladle thear sbegl 


Ie NI 


D=200 mm 


tN 


Figure a Figure b 


~TOD TO _ yur 
Vy Fy 2(L)pt — D3 (4) 


By Fiy.(b) aud &g ), 


a TCD,/2) - 1bT Dp - 6T 
¥ I 7(D*-D*) wD? 
Hence, Dy D> = D,’ ~— bs (b) 


On, wath D=0.200m, 


las Di—D,-0.0632%12=p = &) 


Nhe drtition of EF © +0 


D = 0.8178 m = Al7.715-mm 


6.65 cont: \(TG Aetormint Hv nats 
Arges. of thy ahope, WL note 
fly pls trp 


th, ; 
vag ra aS — 


Cp a= ,2 ty D | ) 
dud fey Fig.b, 
Bs 
(Tre), = tty (Dy- DP) (f) 


ene, bay Epo), @), and) €), we oftan he rakis 


Ty ~ 0.200 
Cre aD _ 00 = JIS 


DP 
(an ~ p- DF (0, 1793_.0.1503) 


Fon Ferg. a, the AA 
Ge e), =foU,D*=E F, 0.050)’ =3.2725410"Y, (4) 
Frt Ay Sr Areligne of Hy mokifiel mehr Cig. b), 
3 0 26Sx0> 
Tee), STOO = Et (oomsy? = s02tssiet, 


ee of fig-b, fon My sleeve, 


ey 


=F an 08h 0. er 


50 mm 


ot 
Cre, 5 F-2YT6RIS® 2) 6) Figure a 


Ft lil exc a 


Urraay 27540 ty 


Figure b 


( C ont.) 


(Trendfieg ~Urrsctig = 2° 2725K0" Cy 


Hence, By Epa. @) aul (0), the Pully place Inpuc 
for Figs-@) and () ane Me Lame; fhe Aala ta One. 


Fin Ahe enwer Core (o£ 44 22mm), Me Mayu 


ate Arige Aa , Wilh by = 250 MPa anf 0; = 44mm, 
3_ 7 b\/o. > . 
Tj = EG Of a ip ason )(0-o44)"= y/81.5N-m (a) 


fn Ay anbuttin-hardensh negeot (2220 £25 mm), Ate 
Mipemune hritic Mrige 4, wath ty = S00 MPa, 
D, = £0 mm and DQ: =44 mm, 

To = T(D,'-b*) 


_ 7 boost. 
hardened 


- 7 d.duy4) b 
eB ty ib (9.050) (500x1*) 
o2 ~ . 

T harden ed = 4912.5 N-Wf 


(b) 
Lives Thardened 7 T; 7) 


hy Epe.(a) and b), Ah maim 
hehe Lgigure a4, Te =T; =4lsl.SN-M. O Mn ger 


We 


Tn pee hat initiate, spell cb thy ord, auiface 


THe as N.M 


22/5 (ya*)(at,) £(26- 2a} (2a)(aty)] = 4 $707 + 4(b—a) Ty a* 


6-69. 
Tp =2[5E WE) + ${6-¢)+(a- OE Ale Ge (S+b-2e) 


= (loo s0Y + 4(75- ~50y(1001(50)"= 58.33 KN.m 


Ty = 0.231 (150)(100)* (100) = 34.65 KN.m 


Tp _ 58,33 
Ty ~ 34.65 57 L683 


Tp =[ 3 (izo)(1a0/* 4 (200-100)(120)(100) |-[& (reo) ta) +4 (170-70) (120)(20)"] 


Use results of Problem 6-68. 


245550 KN.m 


(a) The borgve at yreld is (Ay.A) 


Ty = a8, where J- Top at) 
Therefore Ty % (bee 2) @) (S\ 


or aa anh 


Y Wye) ®) 
Hence, ty. 2 Ty ‘o) 


y Gb rae. at) (A) 
(b) Since the Cross sectian 1S 
elastrce to the radius by 


(Fi7-B) by ER E-1¥), 


ae ee eee ae 


With Ege (c) and () we find 
in terms of Ty 


~ ably (e) 
Thy G(bt-at) 

(<) The e laste tuocs tag m omen Tt 
Te is dve to the Shear stress 
from yea to r= by (fiz. 8), 
By Eg. (6.15) with T= E(4)- 4"), 


t _ gt 
(ya ty WW 
Y 
The Plast< tor gue Tp due to the shear stress 


region of the bar Crp. by) is 
b 
~ —™_~ + ' 
Ty; f rt, Gore = 22Gb be )= Tt, (eb) 4) 


by 


) 
ra the yielded (Plastie) 


pbebh +g (h-6")] OO) 
Y 


() The folly plastrc ynoment Ty. 1S piven by letting by” ay, 


tn Egdh). Thos, Since Tep 7? Ie AS by 4, Eg th) yields 
_ art, ML ba’ — anG 3g () 
= eG (Bebe). an (pa) 
Dividing E ¢.(i) by Et (4) and ve assem bling, w* obtars 
ye b(b2 a?) 
3 beat Ty 4) 


Note that 28 Q@29 TL <Ty [sce Eg-O, Example 6-12] 


(cont.) 


(C) When the limitiay value of the moment T, T, 1s released, the tvbe 
Sprays back ton winds elastically and the Shear Sfress- Strain 
curve will follour a path sumrlar To CA’ in Fig. 44. 

Simce TL = 4 bea the elas fie stress rclovery atreb 
bt mh 


* Ts == bed 7, Since the recovers 15 elastit, the 


= ¢ 4(b-) ty. 


yecovery at r=a {S$ = 4 + “at 4 


Hence, the residual efress at r=b 1s 


_ 4 plga? 
Tresidal) = 7 FPR Gt 


paneer ads (bate (A) 
3(bt-at) Y 


and the vesidval stress at v=o IS 


ov- 


Ty caesideo() = 


Trtaesidval) = = ly - + ale a) Cy v 


= [abr at) — 2a = |7, 
3( bea’ y 


Note that 4s A—> 0, Ego. (A) aud (~) reduce to 


LB, (see Fig F612) 


Ce tresideal) = = 


where the — srgn denotes a shear stress in the 0 
Sense of the origina | shear stress fy) 


pfosi le 


and z 


La creadeal) = 2Y See Fig FORO 


By Fig. GQ, he area moment of inertia AA 
r,= 1 (c0)(80)°— £ Goya)? — a4 xjo~ °m' (4) 
aaa ayjz TS MPA, bun Fig. a aude | 60mm, 
io fear formule, wr? hlaan wath F P30mmy | 
(ag? Gala il: \- 
‘ _(a. aT 75x 10+) 7 


rn ° 04 ihe 
Ma aay = 4.50 ANM Figuvea 
7.2 |7, anus A of te Cres Kectinw 
CFig.a) 24, 
20 mm 
A= ZQo)(100) = 4Yooomm™= 4.0x10 Fat Ce x 
“Lhe conbie tH oh The anew 44, hocaleQ af ¢ q 100 mm 
J abone th, bottom op Aly beam, whue | L 
AY = (o0)(an(tio) +QO)(IONED) = 9.2% 10° 24m3 ke 
20 mm 
GL 3.2x jo™ 
ys 4.0x10% = 30 mm Figurea 
Mores, by Fg. a, 
C, = 36mm, C, = Yomm (A) 
By Fig.a, ego), and thy parallel ayia thunem, We Rane 
Ty, = FONG OY + any a0yly.0)*+ J (a\(20)*+ Go\(aa)(10)> 


FL, (100) (20) + 00)( 20) (30% 


n | 
Ly = 5.33310" mm* = 5.333x197 oy (b) 


With Fp @) and), and wath M, = 5.0 &Y-M, Aly mM spcmuen 


749 


= Mec = $000( 0,060) = 75 MPa, Tension 
Ze Ty 5.333107 


~ MsCa — F000(0-040) _ = 37.5 MfPo, Compressio 
Tez - Ty 5.333xIDe Faz, Compression 


Uy eter diatiputigh one thy cree deckin xa ahpun 
An Fig. b. Bye Figs. & ond b, aummatiny of tendil fron 


97-5 MPa, Com pression 


ZF = + (0-020) (0-080) (75 x 10°)= b0kN Zomm 
40mm 
Uiak oa. thay Leta dente ree seling. om 
Abe crpee Lelio A4 F0 my 
F= 608N 
Xinee the tbecltandt free om 75 MPa,Tenston 
*he Aa a moment, Abo Ital Figure b 


Combrrene force ta aleo CORN, a0 ton 
Fe chau Ag Figa.Q ard b: 


18.15 MP4, Compression 
Zz 


Ce eee anmnenameed 


ZL F¢ Com Pression) = £ (6.0.20 (o.p20)L18. 75x 10) + 4 (0. 1o0)fo. 029)(37.548.25)41D 
= 66 RN 


, A poriline henbuag omonont Mx 
Cig. a) Canta. 0 Mayemunr 


Comprredit Mexural biter £0 MP #"™ 
40 thy bean caged scl. “le ; 
amagniliche of Wy “4 guven hy thy “mm 
At + 10mm 
fey M (Fal Dy @) 
x 


Cy 30 mm 


By Fig.a, thy area A auh witigid 5 ~C, Figure 4 | 
Ane delénmineh a4 fortlrwl. 
Cont. 


A = S0(I0) + 4olI0)+30610) = 1200 mm™ 
Measumng from Aho bitin of ty Beam (Fig d), we dent 


AY = 1200C, = 3 0(10)(5) + (¢,-10) (0) (421?) + (S0-C,)(ie) (50461) 
+ 50(10)(5S) = 441,000 


C, = 34.167 mm,C, = 60-C, = 25-833 mm 
Aen. bey Fag. a aud ege.(b), 


Ly = S397 x10" mt = 5.3917 0107 yy (<) 
lay Ege. (a), (), aud 6), 


_ Sox 10°(¢ 17K10 _ d 
| M,. = SPxl0 (39/707) _ ae Loupkn-m W@W 


~ My. C fouy)( . o34167) 
g = ——— = = 66.16 MPa 
zz Ly 5.3917x Jo7! 6.16 


he arra. of Hy cursed a0cbim (Fe. 0) 4a 
A, = 150(200) — 100L(00) =.2.0,000 mm” 
ana . 


AY = 20,0006 = 150(200)(100) — 100(100)(125) | 25 mm mm | 


om 2 


C= 575 mm = 0.0875 m A) + 
Then, C2 = 200- C, = 112. Syvumz O./125 1m M, 


ail ee 
Ly = 82-292x 10" mote, 82. 29200 mF ia 


Bey Ege (4) aud(b) with the fbywure | Figure a 
‘npn, [laren slraue Ctrrmprtes ia with M, = $0 AN, 


= MyCr _ (Boxto)0-HI5S) _ 109.4 MPa 
Onan.” Ty -BA-2492x 10-6 


15 By meaemnemante Hs artaf abcacna im the beam LFig.a) 


) = 0-00080 of 7G -mm fromAhy tip and € pony at 
£5 mm fron thy to Bence Une Cane ving ving Linearhy wilh 


AL beg Fr9.a, ure hans rrthine Ay Lhe contiotdal ae x 


Cy . & 11 7.00012 _ 0.0008 


0-55 ~ T5C, C55 75-Cy | fp 
55mm) 
mee TL 
y= S7Ll mm — (a) avi 
Mx 
7 ~ | 


¥ =C,=100~57-6]= 42-39 mm (L) y=C, 
thet 2, the metal ay. A. brcaled 
42-39 mm prom thy Boom of thy rigere @. 
Atelion , 02. 57.61 amin frat thy Lop . Ahn, duce Aly dliavn wariia. 
ene Ahe itracn at thy Lip 44 ob brinel) from the 


Err _ = £2 — 24-060120 
“SIC 55-5761 ~ - 2-61 
m 
Crop = —0-00Z265 


bo, Hee Mae ot th, ; he beam 44 combpnsderine 


9) (-0.0D =- . 
Typ = EE yy = AKIN E-0.0 26S) =-190.7 MPa (c) 


Lkewil, Ah, <tiain ot the bottom of ithe Brom 44 gore 
C Borzoi € 0.0 
TON oe St = 00008 = 0.0019 
42239 Is—-Cy 17.39. 1  BeTTom Ss 


nh Ssortom = E Eworrom = (742x101) (0. -00145)2 14O.4uMPa (d) 
By Eps.(a,6),€), ond duh thy Pleruune Pormula, we btaair Ly at 


wih N= 6-0 AN-m, L, = Ma rror = Mx Yeorrom = 1.1/2, x 1072 mt 
ToP Sperry 


ZF, =R,-4~-74)+R,=0 
ZM, = H(t) +7y)(2)- UR = 0 

Hh, statutcey f Eps. (a) Aw 

| . KR, = 17 AN, Ri=/5 4N (b) 
Nevte, wth R, =1S4N, Abe mormt of Ay acct io mM 
from Ake night end of thy beam 4 purer by (Fig-a) 
CHEM, = My + 70)(4)-R, (1) = 0 


va) 


M, = eS AN (©) 


By EG-C11), the flezunal stig Ae 


-~ . My 
Taz = ox 


d 
a (d) 


Lx = 7h (0.150)( 0-300)? = 3.375 x10 tmy 


Whe. 


Hence, wath Ego. © anh (d) he mMaximune tensile {lipeural 
AD tab at Aho -cectasy 1.0m prom tke 1 euh oceurd at 
“4 = ~ 0-150 m and r4 / “7 | 
_ 1L.SN-O1SD) 
Ge =~ STE = S./l MPA (Tension) 
The mes mr),  Thesd cocurd of a= 0. 150m 
éw) a 


(N5(1SD) 2 U5 M 
Sat {| MMs CCompre ssion) 


Th, rm ageimune “narmacd 2 the Fearn batt P cceune 

at th, wall (Z=0; Fig.a). Simm atin if momenta aboud 0 viet 
CHEM, = My + $.0(2.5) = 0 

o M, = — 70.0 &N-m — (A) 


By EEX), Ahy flyured Hitag 20 
y 8.0 kN 150 mm 


fe 


Figure a 


3 
Ly = 7g (0-080)(0.150)"+ 2 6 )0-s50)C0. 050) 2 (0:150)0.058{0.10)2 
Ly, = 1672x107 tm (t) 


ov 


The rege mume tinal, atcees, ovcud at thy tr of Abie beam. 
oF tty, coal (2=0) and At, with =94-&), bY, enrdAG), 


GK. = — f20lenRs) _ 
22 ré7axivt 1 75 MPa 


S heurie , Ae Mearimun Finale, [loyural abicen wir Xhe 
ute, hoard) oeeurg at G= o-075m. Werner, 


— _ ©2200-0785) _ 
Te = Lbdixipe — O' 17 MPa 


3) Fin thy foam of Crablem 7.7, we wat Ae delrmiup Ahe 


th, daa hihilalign 0 thy Isom ia 

a= ~ et @) 
Where My=-20.0 AN. ax Ly = 1.672K 1077 ym ¥. Hever, by 
FA), Fen = Qlabxio)y (hy 


0125 
P= [a (o.150dy &) 
0.075 


ot by Ega.(b) one), 
P= 87-1! dN 
By Fig, the comport necclicna ane Ulinminaly by 
| ZF, = K,+RL-3.0u™ =0 


Q 
Ce Me, = 3.000015) ~ 3.0R, = 0 @) 
ms “FEF O® to, wilh Ww = 60 4N/m, 


R= 90KN, Ra = WAN 


cMength (0.1 00) of thy head By fig. b, 
(+ 2M, =O-Suflo.075)-M =0 
on M= 67.5 2N-m 


(a) 
By Fix a, the ara th of thy cross enction 24 
A = 0-050(0.2aS) + 0.650(0. (50) = D. 01875 m? (b) 


geron big 


A = 0.01875 ¥ = 8.1S0(0.0s1)(0.025) + D.050(0.225X 0.1625) 
4] = 0.1075 m = 107.5 mm @) 

Then, by Fig.a, the aria moment of crete of the 

Cts Aheion Le 


ot 


L 3 
= 73 (0.150)(0.00)" + d.asd(o, (50) Glois- aces)”. ii (0.080)(0. 225)> 


+ 0-0S0(b. 225) (0.1625 — 0.1075)™ 


oT 


Ly = 134k Jot my (} 


Henee , Aq Eg (2), cere of Me floural ster 44. 


|v. Are) = | b7.Sx10° i = [S-o34x108y | e) 


1e3ernot 
Oh Hh Hop of Me ee Gf = O27S—0.107S = DIGTS Mm. Then, 
Ay EG. E), "be mapa of thy dle AL ( Oaz\ = = 84.32 MA Lcompress, 
OX the gunelion ATireonr thy Web and) thy flange, 
= — 0.1075 + 0.050 =-0.0575m. Theu, S4 Ey.@), the 
Un ogristeade of hy Mura | 05] = 25-95 Mra (Tension) (Cont. 


J4] 


of the Beam Af = — 0.1075 m, ard) 
D th, ahd x2, f Eg CSG,\= Su 12mPe(tensen) 

Dy Fig. a, 2h, apprk peaclirne are debi mined 
be the ; Lf . o Oia 


ZF, = R,+K, -— 3-9(8.0) —3pd=p 


(+ 2M, = 3-0(8-0)U-S0) + 30.0(3.0) — 3.0R, =0 


R, = 28-8 &N, RL, =25.24N @) 
The mernet disagrem 44 Abgun an Fig. b, wher Mh Maximum 
Moment x4 Mag = SOU AN of z=3.0m. Ae», Ay Fig @, th 
Ana moment of sinerlig 4a Ty = Td Vey avd thy maximun— 
dittenes Prom thy netbaf ayug a4 c= d/2- Vence, the 
Magn: of thy mhanimum Pryunte atresa 4awth d=0.18m, 


- Mmax® 32M max = 16210 a. 
Oman. = “Ly “rd> 21 MP 


30.0 kN 


3.0 4-0 
Z tm] 


Figure b 


Whe fr ~ becky diagram. of Un, beam 10 ahyeum om Fig.d , 
By Fig. a igh aatlinne Sd.tie, we hare 


=F, = R, - 40(4-0)+4+ Ky —-16.0 =0 


CeEM. = -0(4.0)(2.0)— 16.0 -6-0R, + (h.0(8. )=0 
R, = g4N, Ro=244n @) 


Figure a 


Renee, by Ep-@) and Fig.a, Hy moment Ho Ake Lapt of 
Abe 1b-0AN-M Couple 44, 


au % th, Meg of the 16-O4N- couple A4 
M=-¢4&N-m (c) 


OU. ana mornert of anevlig, of Alby rsae deelign 44, 
by Fiza, oh ABiichneat off ahh Van ad) thy w0h of 20mm, 
= £14100 0.140)~6.080(0:100) | = 1. 620x10" $44 GY 


Thaslne, aopuphpa, covple, My Mepirniim Kinacle sheer 
hy BGS — 0.070, Te hein of tty beam, 


= F(-0.070)  _. 
Yee * a ae FST MPA 
LReurar , Ao Tho rcpt Care le , the megimume lowtle 
Tine geours ob Mis pits kon bg: +0.070m) Out ia. 
oe — Me ew £80070) _ 5y4.57MPQ 


zz x 16 AoxioS 


Was frre- body Ba agram of thy beam £4 Ahoum wt Fi¢.a. 
By Fag. a tuk egectium Condligne , w? Haye 
ZF = R, — £-0(2.0) ~ 16.0 +R, —4-0 =D 


Ce SIM =~ 4#-02-0)(10) + 16.0(3.0) — 4.0R, + 4065.0) =O 
he sobre of Abita egratina it 
K,= 13 &N, R, = IS AN (a) 
CF .b» Ba F ; ; 
Mine, = SAN. at B= Xm, Lh, meyh largert moment id. kN. 


Dif Fi, a, tae crane th of the creed anton 14 


A = 0.100(0.120) - 6.080()./00) = 0.004 m* 


Ceont.) 


712 cont.| OT, Ditenee 3 I the metal aya prom thie botlom 
of Ae Bean (Fi. <2 geron by 


AY = 0-004 ¥ = 0.10D(0.020)L0.110) + 2(b.100)(0.010)|0. 050) 


Aq = 008m (b) 
Wath Eg(b) dud Fig. , Me dre meorntut of entra AL 


i, = 4 (0.100). 040)? + 0.(00(0.02)(9-03) 


+ 2460-010) (0.100)?-+ 0-010(0.100)(0-03)~ 


Lys S.333% 07" ye (c) 


at z=2m CFig.b), Aty Pleyuref class <2 Aintile of bly kop 
G = 0-04 mM. Bo, with M=~sRNem, 


Ra Se My — — (-8)(00W - bompa, Texan 
22 T 5. 333x107 & 
GA th, botlom, 4 =~0.08 Ml, aud 
J... -7- My eee ¢8)(-0.09) - =—/2D Mfa, Compression 
ee So 333xID 


Gt 2: 5m (Fig. b) M= 7&N-m penne 
he tip 2 0-04 m an Rence, 


_. My _ (7-04) _, 
ae o , - arenes = —§2.50 MPA, Compression 


OA the Botton » = —0O.08 Mm and 


— (D- 0-06) = 10S MPA, Tension 
S1333x"* 


ee 


(cont.) 


He amayimum Aeprile stieee (105 mee) 
rca. at thy Beton of Be haa oo 5m, nud the 
Weapon mere Aten (-120 MPa oceung atthe 
fot Sth, heam af 22am. 


Be Hahl h.S of Appordry A, I, fan the angh avelipn 


og. 0) at 


Ty U.2OXxIS mM + = 4.20 x10 yd ay 
A=zomm? = 0.0012 m2 (b) 
with ERO (A) ard b)and Fg. 4, 
Ty = 4Ly¢+4(0-001 2) (0.0505) 4 jz (0.D10)(0.200)° 
o Dy = 2738x1075 mt é) 


Y ence , Ay Me fleyure fromle, with t= 66MPra, 


Me. = Fal ~ Gox10(3.738 x19) 
max y 0-100 


Mina, = 2A-4F RN 


Figuve a 


of the C150« 17 Channel are top = Ul-l mm, 
Ac = 2470 mm, y= (3.pma, Ly = 0.037510" mmi't, Fi the 

W 310k 33 L-acelgm, d= 313 mm, Y= 156-5 mm, A= 4/80 mm~ 
Dy = 65:0 x10" mmt Cae Fig.a). Lhsefrre, he the) aus. 
of Me Cray acclign xt A= Act Ay=66SOmm™ Thon, 
he centicidal ayia of the rots ancl Socalid 5 fram Ake 
Sotto of the Beam ut blamed at CFig.a> 


AVY =6LS50F = 4180(i5b-5) + 24.70(3/3 411-3.) 


T= Txt 4160(213.9- 156-5)" 
gD #2470 (97.1) 

OL I, = 1. ORS 10? mm = 1025x107 t m4 (os 
rae @ aud Fiz. a, with M, = 20.0 4N. Mm, ab Lb, boom of 

heamn, 42H 20.2137 mm , The mW epecmur Hinach atiaga ie 

Jz = Het 41-74 MPa | Tension 
ch the tip f thy beam, Y=-10.2MM, Ae Maremune COM preadire 
“4 One = May =-2).S6MP4, Com fereddegr{ 

* crsoxi9 


xX 
| Y= 156. 5mm ) 


Figure @ 


Aracligns ang R= R= 1 5P CFig.aS. The 


Agram Lt Beam Aa abu arr Fig. b. B 
the neva op Babbin 7 tio arta. moment of Le 4 
seam netd section (Fig. ¢) Aw 1, = 3.738% 10" m4 Hence, 9 ot Pre 
Aud © amd thy plepur thy marina Pleyaral dines 
Hhy AL CP 1h Newtons) 

vn Money. CF 0-100) = me = A67SKID? P [n/m] 

3-739x ID 

Arner My=0 ih at of the 
Aeam, hy feecure AUitdt 42. + 


me ie _ 4 x6429.5 


Figure c 


Figure b 


7G of tie eam (Fig. a», 2(uy) = 20kN, 
1 Woe= 10 AN/m. Oe tect he prem of Ha Beam AL 
Abeum AW Fig. &. 


P=20&N 


C150x19 


C=HO.2inm 


= 213.7 mm 


W310x3 i 


Ae creed acelin of thy beam x4 aby on Fig.C, whine by Ths 
Aten ar Croblem 7.14 , 


F=213.9 mm, Ly 1.025% 10* mt 


(cont.) 


GL 1.5 m from thay Rept snk of the fear, Mz \OhN-M. 
Hence , Abe mayimum Hewsile dre oF Hs actin oreuna. 
ok Ay, Lettem (4 =0.2139m, Fig.c). dtee 


~ Myy _ (10 x10?)(0.2.139) = 20.87 MPa 
Tae = Ty «Oa SKIQ-4 
anh. Me maryemun Compireedivt AAs at thy Lop y=-0- 102m) 
at _ Mxy _ (16 x/0>)(— 9. 1102) =~ —10.7F MPa 
Jaz * ITy 7 1.025 x ip-4 


nets 44) Arner Mz 1S AN. mM, 
ov = Ms? _ Crs x10) (2.2134) = 3/-30 MPa 


227 Ty [:0asxlo-4 
— Mery _ (asxio?)(- 0-02) _ _ g.3 MPa 
Tz2 = Te ~ 


1.025 Kk 1074 
bauer hes AN La. of hy erode aockiond (Figg) art 
_% 3020 um, Ar Abichneset of thy boy bean 
ea fall : 


Area = 2(go)t + Z(IN-2t)t = 3020 miy~ 
br ut — 382t 4302040. Theefore, t = 8.698 mm 


127 mm 


+1 


80 mm 
——, 
t 
127 mm -— 6.1 mm ; ‘ttm 
63.5mm | al y 
(cont.) 


91mm Figure a 


! For Atie T-heaw (useng thie Lirnentemt abhipron 
An Fig, dnd tstsrnnig teat the plongsr an nucle, ber vin 


Cred Acclon) , 
Ly, = 8. 70x10" mnt = 3.70x to-© m4 
a) 
Ly = 3.11x/D°mm* = 311x107 ° mt ( 
From Lables for L propetice, Dy = £83x10° mm} aud 
Lyy = 312 x 10% mmt, wheek cinchudes the Conbiihubier 
Fn A4, boy bean, with t = F.678 mm, 


T= 4 839x 10° mm} = 4-337-x197o mt 


(b) 
Ty = 4-922%10 bd = 2822x107 mt 


Uber arz Hire 2p Aime puneclione,, ne with xh, lord-cble 


on th pects.f (6.9. b». with My cadle darting 1S 


3 
. 


? 
] 
| 
peered cTited ai | 
Ay L- femen AL, with L= 2m, | 
_ GOWY2)(63.5) l 
x B. 70x 1D76 AN 
= 53.397 MPa Figure b 


_ G4 000)(2)(5 5.5) _ 
us 83Fx 10-6 715° MPa 


Fo th, Lose of a dry of IS%, Attume Hrot More 
Ad, ho cingelae lol hth Hig of. tre deoing (Fig: b). Henee, 
Ag Fig. b, 

ZR =T— 4eed 15° =0; T=} coats? = 3.864 AW 
rer » hag Fig.c. 


My 


M, = -G-864 Cod ISDR)= —7.UbS RN x 


/. Se 
My =~ (3.804 diis”)(2) = —2.000 AN-m Gee 
| ( "9 Genterlin s T= 3-864 aN 


Mec, fr « veg GIS, the mepemum rgure Cc 

flepure Leuch ob Mrtad, in Hy T Aeon se 

Ma yemune Ct ptsees is ocours af At, pi ae 
= May. Myx _ E7HbS-63.5) (2009) (63.5) 


ry ry $.70 Noe 3. atpre 
ir = 95.32 MPa. 
i= Mad Myx —71465)-55°'D) _  (-2000)(0. 040) 
Ig = a ant aBRANIO® 


7 BBIxID 4.822% 1076 
an 4 7x ID 
or , 


Conay = 113.97 MPa 


Thea, fr th, I- beam, Mie dafely facker A. 


SF = = 455 = AGL 


250 
SF = 3.97 = AF 


on both couse, th, T-beam has itty lary safely face, aud the 


yor flames ye f proeiion 


K+ 250 mm > 


3 
/ 2£50(300) _ y 


3 
_ 300(250)" _ Y 
Ly = 200(E50) 790,600,000 mm 


_ cote 562, 500,00060.1763) 
tan ot “Ty “590,600,000 7°77 


w= 0.2486 rad 


A 


m= 5h = 1000 P (W.an) M 
y | 
My = 11 sin $= 1000 P(0.9848)= 985 P Plane of loads 


. Ye Mx (44 ~X4 tan x) 
04 = shes 
P- ee a > 25, 0(562, 500, 000) 3/4 KN 
SF (995 )(44-Xq tan c) 25048 D[150-Clef(0.2539] = 


7AG\T, = bhi, Ly =hb72 A\ik— 6 Fi 
_fecotd_— bh{e) bh 

can XS", Te hb? BP x 

730 [A = 300 (25) + 275 (25) = 1%, 375 imme | 

y n 

300(25)(\50)t 275 (25122) _ BY.24 mm Cblane of loads 


X0- 40> TS 
3 3 2 2 
I, =Iy= 25( 300)", 2158 + 300(26)(65.16) + 275 (2571.79) 


= 124, 400, OOO mar Y 


= 300(25)( 7. CET 76) + 2752S) 18.26 )(71.74) = 73, 997, 006 mm" 


Ixy : 
Plane of loads >| 
A 


g=F, cot d=0 


i, - 73, 9&8/,000 


tan & = a ot = = OO S5947 
Ly 124, 400,000 
O = 0, 536S RAD x~— 


M =~ PL=-16,000(2500) =- 40.0 KN.m =Mx 


Tn = Mx (447 Xatan &) _ -¥0,000 000215. % (S229. s999 
A Ty ~ Ley Tan ~ 124 Y00,000-(73, 991,000 0.5947) 


= 99.91 MF 


_ ~40,000,00018%.24-C8#4EVNO.5797)] _ 


Ug = 124, 400, 090 ~ 73,981,000 (0.5977) ~ 766.93 [Tha 


Az B00x25+/75x 26 = //, 875 mm* 


300(25)(72.8) 175 (25) 25 
1,875 
300(25)/50 + 175 (26)/2-5 
7 1,875 


_ 25(300?) | 175(25%) 
ar: 2 


249.37 mm 


= 99,394 mm 


ae + 300(25)(50.66°) + /75(25)(g6.877) 


4 
Tg = 108, 702,000 om 
x) 3 3 
- Soe (es ) 25(/753) + 300 (25) 36.8% + /75(25) 6316" 
/ 42 


39, 200,000 mm™ 
300 (25)(-50.66)(-36.84) +175 (25)(86.89)(68./6) = 38000 000 »mm? 


Ve 


tay = 39,000,000 


cor PB =O > TAK = I, ~ 39,200,000 =O.969¥ 


Pa 


0.76997 RAD 


M.=M=~-PL= -/6,000(2500) = -40.0 kN-m 
My (Yq -Xq tAaW%) _ -40,000,000f-200.66 —(-24.31)0.969%)/ 
Gy Be NRE = PESECMIA 
T,- Z, rane 108,700,000 ~ 36,000,000 (0.9694) ——— 
. ooo BL —(-4¢P_ BY) (C.FEPY 
uacdoorolne Ce GtRT .. <srgs per, 
/0®, 720,000 ~ 3& 002,000 (29697) 


A= (80x50 + (00X50 = /2 500 mm? 
150(50) 25 + 100(S0)/00 =55 
12,500 sed 


= 50(1503) “ 100 (609) 


= /§ /O¥ 000 mm 4 
‘2 /2 Pa PA 


3 3 
150(s0*) , so(00") + 150(50)(ss-26) 4 100(50)(J00-55) 


12 


4 277 ° 
Ly, =O 5 $= Rad = 40 


- I, Got xB 4,000 (1.1 / 
ieee ss x p i 15,107, 7 8) = -0.7963 


Ly 22,604,000 


= 22, 60%, 00O mm 


X= -O0.67?285 pan = -38.53° 


M,=-2000P sin f = ~/286 P 


SECU) Sy ~ Aq 780%) 
Lx 
YT _ 240 (15,104,000) = ~/5,257000 
SF (%-X, manu)  20(- 75- (-58)(-0. 796.5)) ee M96 FY 


T= Y= 


-/28¢6P = 


Plane of loads 


\ K50 mmc 


3 
- [2s + 150(50)(50)° |= 65,630,000 mm” 


? 
_ ¥ 
Ty = ee = 12, £00,000 mm 


Tyg = 2(ISONSO)(EIESO) = 18, 150, 000 mn” 


- fF -/ 50 
g = at tan Too = 2.0344 rad 


Tey - Ie Cot $ _ -18,150,000-65, 630,000 (0.5) 
Ly ~Lxg cote 12, 50%, 000-8, 750,000 N-0.$) 
= 45008 


tan xX = 


a-1,39522 rad 


p= Eh. 400002002 - 2.00 kNin 5 My2 M1 sin f = L789 kN. 


/ - a 125 -(-S 
x ¥Y ann 7 O7U, i, 7 y) OXY 5008) 
~18,.75:0,000 - 65630, 000(-0,346) 
"12, $00, 000-(-/8, 150, 09)(-0, 34/6) 
My 2M siz @ = 2.00(0.9463) = 1893 KN.™ 


_ 1,893,000 L125 -CS006020)}_ ag, 
va * 65, 630, 000 -(-18, 750, 200/06 020) © 5.82 I Fa 


= 0.6920 , X= O,S5419 


@=ten'2 = 1,107! rad en 
I, cote 8,870, 000(0.5) B 
-~ — A TT I VOM 
tan “= ty W0H,000 ![,0050 


a: -/ ¥€02 rad 


2 2 
pt = Ee £00000)" 2.09 kN. 


My = ltsin @ = 2,00(0.874¢) = 1,787 KN 


; Ly ~~ B, 870; G00 


= ¥8,36 Mra 


Or, - £784,000 ~ 99 -C3¢p) Cu. cos) 
Be 3 
y 


870, 000 / 
=- 105.18 /1fa. 


Oa 


Plane of loads ¥_ 


ee oe ae [Omm > 820mm 
ES soto), +2 (391,000)+ 2 (11 98)(83, 9)° eon = 


= 23.59 7 
ook 0,000 mim me 


3 
I= £00(00", 2(912,000)+ 2 (1149) (34) 


= 4,490,000 mm” x 


Tey =2[349,000 +148 (83. 8{59)]= 7, 240,000 mm’ 


b= tan’ 221,107! rad r 


Fey= Te Cord . 1,240, 000-25, 576, 0000.9) 
Ly ~ Tey Cotd ~ 4, 490,000-7, 246,000(0.5) 
SLE ao a4 Plane of loads 


tanXn= 


aX -- 1358/7 rae! 
— al® al $000 
kre 2,00 (kM.m) 5 Mys sia b= 789 (kim) 
= Et da" tan «) 
co tan J. 
~ 250(1, 789, IE a(S. 22m] = 6,97 Ninm = 6.97 KN/m 
oni BOUL. ea 
fz iooleea) _ BOUGH . 34,3£0,000 mm" 


3 > 
_ 20(180) °, 180(e0" _ 
Tyy = 2 (80\(20X50)(40) = 14, 400,000 mm 


PELs. Lag 

Leg I, cord 

Ly ~LIxy Cord 

= 14, 900, 000 - 34, 360, 000(0,3323) 
q, 840,000-14, 400, 000(0, 33¢ 3) 


ee 


tan a= 


od = C2557 rad 


Ie lane of loads 
Mz~PL=~1%000 (2000) =-28.0 KN.M; My= 1151) $6 =- 26.57 KN.™ 


_ M(t Xa Can &) _ ~26,570,000[-100 -10(0. 26/3) | _7 
Ly ~Lxy Can a ~ 39, 360,000- 14, 400, 000(0, 2613) — ei 


Yo: 30(10)(15) £ 200N) + 50UQE? - 19.0 mm 


Yo ~ 2aliekas) ag 5HV3 — 1.7 9 mm 


= 184, 300mm” 
= 10630, zal)’ at ae ay, 30(10)(3) 20(ol( 13) 5 + Sao) (7 - 189,300 wmr* J 
: = 300(3)(-18) + 200(3)-2) + S00 7\le) = -66, 000 mm” 


Fey Tx COP =66, 000 - 18 Y 300 (0.1763) | Bed a 
alee seme ares ne a ote ~ 789, 300- hi, 200)00 1763)" —O.18 386 5 ww =~-O.1864 rad 
Me-PL2-190(1000) =-115 KN; My=M sip = -11500.98 48): - 1133 KNm 


aX = 
one tia 4 tan) _ -1 133,000 [-23-Cle-o. 1886} - ~ 166, & MPa 


~Ixy tan « ~ 784, 300~ ~(b6, 00G)(-0.18 8b) 


e: 3 00 [18-17 60, 1396)] 
> ee tees 
i84, 300- (-66, 000(0. 1996) © 228 


Ly ale Lola, sd + 600(- 30) § 600(s) + + 600(%) +e wl 


= 4394000 mn" Neco 
1, tis ato, 1066, eo0(a) cs soles) baoliel® + 200(2?) f (ome 


> 911,000 mm 4 


oF ty * 600-39 2) + 600(5\-29) + 600(30\(12)-+ 200E/S X27) = 30,000 mm* ih of 
= —h oa 
on anee Txq ~ Le Cot G _ 30,000 -I, 330, 00000.1725) ; 
Ly —Jxy Cord ~ 7/7, 000 ~ 30,000(0.1725) 
& =~ 0.2/53 rad 


= -0.2/87 


iene ft i OE = 250 KNM 4 My= Msi $=2.50(0.1859=2.464 KN.m 


tie ee) 2,46 1,000[35~ 72(-0,2187)] _ 
: > ee Se 5 MPa 
Iy~LZry tan x ~ 1,330,000 - 30, 00060,2187) © ———— 


_ 2, 46% 0000 35- (2-0. 2187. _ og mp, 


~ |; 330,009 - 30, 000 (-0.2187) 


152g) 3, 600,000 mm Plane of loads 


¥ 
= 1,406,000 mm 
2 


2;2 ra 
a OC - (25,000 00” 


Iyy-Zy Coté |, 125 G00 
- ose ee 


“w= O0.6748 rad 


- 0, 800! 


Me My=-PL =-¥000 (les50) 2 ~ 5.00 khim 
_ Mx (4- X4 tank) _ -5,000 000 F:30-(-2n(a.eooI)] NV 

J = r - _ Sb ol - L/ /1 Pa 

Ly -Ley tance — 4,600,000 -1, 125, 000. EEE 


gr. = 755 700,000[40 -50(0.800] _ 6 
C ~ 3,600, 000-1, 2505 MYA, 800 1) ~ — 


f3)] 2 2 2 2/5 mm 
A, = 6030 mm Aa= 3730 mM A; = 3000 mm ke 63,9mm + ke 17.7mm 


Xp 2 £22 63.5)+ 3930 (1973) + F000(150) _ 12%) mm 


12, %o 


Yo 6030 (LES) + 3930 (162.5) + 30005) = 126.0 mm 


12,460 ; 
2 
T, = 90, 300,000 + 53, 700,000 + 22000 + 6030 (36,5) * 
2 2 y 
+ 3930 (-36.5) + 3000(I2/.0)= 201,220,000 mm 
3 2 to 
J, 2 3,900,000 + |,610, 000+ 220 4 oso (60. 4 


é 2 
+3930 (-7K2) + F000(-25:4) = 73,225,000 mm" 


Lyy = 6090 (H6 N60) + 3930 (I65N-172)+ 3000 (2125-9) 
=~-12,2/7,000 mim 7 
b=1,57/ rad 
Levy -LTr Cot 8 Tey _-12,2/7,000 - yee d 
Can &= Dy ~Liy cot P Ly F225, 000° 01608 , = 70,1835 Fe 


2 


2 
M=My = ee £0 (6000) 90.0 KNvm 


oy - Le ln - Ya cand) 90,000, 000[26.0-12%!(0. bee] _ yy 3 MGs 
AOL Tay tanh ~ 201, 220, 000-12, 217, CO, eB) © = 
gy, - 42,000, 000 1-!84.0-(-90.40. 668) __ 92,3 Pa 
B~ 20) 226,000 - (-12, 217,000)(-O.1668) © 


2 \ te 38.0 mm 


Azll¥8 mm 


Y 
i =I, = 629,000 mm 


AAA 


(A\\N\S 


4 
Ixy 27 37/,000 mm 


_ 7 “4 33.0-22.] _ — 
dist tan Peltz = 2.1355 tad 


Lyg Lye Cot — -37/,000-624, 000L0. 6335) 
zt - ax - = 0.0697 
ane Ly Teg (ot ~ 629, 000-37) 00906335) g 


ol = 0.0696 rad 


2 2 
M =~ 50,000 /U8.0-22.))4 (22143) =-1 486 kKNm 


My = 11510 b =-1486(0.§447)= -L25S KN. 


ys hx Luamrateoed . 50,090, 4255,000F 22.1- Bi N06). 91) MPa 
A Ly - Ixy Lana 11498 629, 000 -(-371,000)0,06 97) —_— 


3 Y 
2OLEK— = 135,000 mm 


20 4 g=//0°= 92 RAD 


Iyy ~ Le cot =~ § 90, 000(-0,36¥ 
Tey Te cot B | - 540, 000(- ) ess9 


TH XK = 
Iy- Ixy cot? 1:36, 000 


x= 0.9689 RAD 


3.2(700) = 4 RY £ Rt hekM 
1500 Plane of 


=0900R,= //2kW-I1, Mee Mpg Sing = (052 kW-m Aoads 


Ag 
x7 Qe Mx (Yq - Xn Fone) renn) _ 1,052,000[30+ /5 (1.456) ] 


R, = 
na 

Gna 
a Lyy Tan & 540,000 


= 100.99 777% 


; Ty, #9 


Since I, =I, 5 AY¥Y PAIR OF ORTHOGONAL CENTRO/DAL 
AXES /8 4 SET OF PRINC/PAL AXES. Afence, A-n 
COMCIDES WITH THE AXIS OFF BEWMDING,. n 
2) CowsingR ony Of£¥74 90" 


Mx=M cas ¥ > X= ¥ 


g = Lx (Yy>%q tena) 
Ix ~- Tuy Cen x 


Gm qx = (stn ¥rces ¥) 


5) Y=0°: 


I= hYar, Ty= hye, 
p= +90" | cot 6 = -tem¥ ; 
a) ComsiDER Ly O< PE 70" 


a ae Ly, cot fh 
~ - Ly, coed 


mace Xq ten M 76 


DT, - Tey ore) 


a /o con? + Sim ) 


Tg, = /(2OMPa 5 five M 


MAX 
T= a(é (10 ) 20%) r /00(20\(é0*) ) + 42 (2)(106) = (6 200,000 mm* 
I= 2s (20) (100° re (100)(20%) = 3, 400,000 mm? 

L,,20 > P= + 90" = /10° 

- e(_ 3 

6.210" (-0.3639 7) =) 7342 


= Ly Trot ¢g 
I, - I, cond 3.910% 


x= 60.03" 


M= M caa¥ = O9397M 


Mx(Yq-Xatanx) _ 0.9397M(®-CSE)( 7342) _ 


- 4 ees 


max” T.- L,, ton 16.2% (106 


Mz 13,200,000 N-mm = (3.2 ki/+17 


ac (SOMES | Finn M 
y, = | 52 (200) 100 + 50(200) (225)| / 2(50)200 = /62.5 mm 
I, = 44 (200) (50%) + 200(s0)(62.9+ /,(s0) (200° ) + 50 (200) (62.5%) 
113, 540,000 mm? > Lxyz0 
LY, ( 50 20s) + 200(50°)) = 35,420,000 mm! 
“10° +90" = 80° 


_ o 
Tey Ty ot B _ 1.S4M0°(017833) 5 cease 
Ty- Ixy or? 35: 42%10° 


= -279.498° M, = 4 coe P= 99 49/4 


? 
gene Mele tenn) _ 0.9799M (162.5-(25)(-0, 5652) 
; = RAT Antena) _ OTEMIN (EB SEB NWO. O8S2), 
“ Ty- Ty ton U3,54 x/08 


M = 97,910,000 Vm = 979 ki-m 


=/50 Yi 2 


0.9398 (97.4! x1) (-97.5-(-leoKo.s626) ) _, 
* “Bo =/22.08MP 
NOTE: IR= 1/ 3.549 x/O*¥ M 2 < 7, 


va 90 MP2 3 Fie M. 


” potiso). 


bh 36 = 3 375,000 mm? 


36 


L,.= Ley2O 


3 


T-2[4b ee 


g@ = -30°% 90°= 60", M7 M cot? = 0.966M 


_ -9.375%10"(0.5773) 
PSZEXKIO€ 
My (Y4-Xq tore) - 0.966 (50 - (50) (1.7321) 
Tx %. 275 x lO 


M = G/32,000N-mm 2 7.132 kom 


SM. <0: A = 5.383 kV 


_ #m(3kw) 
By Em 


AM -Ax= 2.667 KA/ 


2m (8k ) 
ém 


2R.2=O : 
2Mg,.= O = 2.667 [kN 


2 Fy 20% 


Ay = 


B 


77 BkN-A,= 5,333 kN 


MOMENT D/AGRAMS* 
10.667 


My (kn-m) . a _ 5.333 
5.293 12,667 


BY INSPECTION, Umg, GCCURS (MW THE MIDOLE 
THIRD OF THE BEAM SPAN; MORE SPECIFICALLY 
AT A LOAD PoswTt ofe AT MIDS PAM, 


AT @= 2m: My = 10-667, Yt, = §.333 


-. Mz J 10-667 °+ 5.333* = 726 hom | 


Mm, =My= 


x, = tay | 2232 
g 


AT 2=3m: B fkMem | M2 By2= 1.3/9 km 


AT Z2=4m: 


AT 2z 49m: M= U.92EKNm 
Ag= tan 
max , F THEREFORE Ung» OCCURS AT THE 


Locations cF THE LoAos. 


(8)] - pf setse), + !52(29(S2) | 3,/25,000 mm? 


= S732/, = -so” 


= 90 Mn my 2 


Easy’ rod [5S3xIO~ m? 


_MI2EIO(37.5 ) 
| 5S 3x10 


Tmax = 289,.0%F2 


Ar Z@2= 2m; 


5.393 


é 
06e9 = 26.56 


Imax OCCURS AT X,+96 "= //6.6° 


(Pomr C) 
M, = 5.333, IM, </0.667 


-/ 1066? 7? _ 


f= 
$333 — 63-73 


Ga ccuRs AT Apt FO = /53.43 ° 


(Polwr D) 


I, = 72 (co) (200° 66.67 /0% mm 4 


Z, 
I, = 5 (2.c0)(1007) b.€7 x10° mm? 4 = 4 


BY INSPECTION, Uma, OCCURS AT PWT Al witHI tHE reTERVAL 2m <2 4%, 
6 
My (ki)-m) _ M, (2)= 9-2 


y 
My (&M-m ) 1 /, M, (z)= 2 


tan? = Was oz, p= ¥+90°, 
-2 
cot $= cot (¥490') = ~ton¥= Fz 
22 


Tan = eset? one) Fz 


Me Y9 hy to oss} 00-09 8) 
rye elacmto) Ge) (00-6) Fe) oe en 
x 


66.67 (os) 


ZW (mr) 
/7 WW (Atm) 


Cnaax = G | = /2115(4)=/9.0/4P, 


2= 49m 


3 
Fy _P Psind L? . 31,400(0.98 valooo) = i mm 
~YGET, YB EL, ~ $812, DOY(SCL, 500, 000) ~ — 


Ku =-V tan « =-6.// 0.2599) = 21 SS mm 
Sc Vato vts fisj2séll = 6.70 mm 


16,000 (2500)° -/4.8/ mm 
)) -/2 


SER era = 
- «SE(L,- cy an a) ~ 3 C7 706 |[i24, ¥00, 000-70, 740,000(0. 568%) 


U = -ar a ad > -13,8(0.5688) = = -786 mm 


Sf: Lute ar? a/-796) £13.81 = 15.87 MDM 
yl? 16,000 (2 S00)" 
ve 3E (Ly ~ Ixy Can <) ~ 3(7/, 100) [108, 700,000- 78, 000, 00 F674] ~ = 16/7 mm 


UuUs~-a tanae-: 41710694) > =/S 68 mM 


Ss lusev es [156901617 * = 22,52 mm 


3 
wre Pam Ge vooo (0.89vgl 2000) * = 0.33 mm 
YIE (Ly - Ixy Can) ~ 46(l2, OOON6 5,640,000 -(- 18, 150, ONG 500g] ~ == —— 


Us-ar tan & = ~0.33(Y, 5008) =-194F mm 


oc Jte2 + ar? = £149) (0,33) = {53 mm 


4 a Sursing L’ 5(L00)(0.894#)(4o00)" 


38Y ELI, ~ 48 '4(200, 000) (8, 370, 000) 
Uu 2-7 tan x = -/,68(-1/,0050): 19.49 mm 


Sf 2 Vurp ar = 2 S184? 7 168° - 4857 mn 


7.46} . Y 
fe) Sar sta Gl _ 5(6.5)(0.8948 (4000 7 
484 E (Ly —Lxy Cand) ~ 384 (200, 000) [23, $70, 000 ~1, 240,000(-5. eZ4p] 


u z-a tan & = ~/56(-5 2241) = B25 mm 
[2 é 
Si (utr ar © = 8,25 +1582 6.40 mm 


7 
Are ! - 14,000 (0.9490)€000) 
3E (Ly ~ Ley tana) ~ 3000, 000) [34, 360,000-14 400, 00902612 


U>-WV Lan «= -4¥98 (0.2613 )=-130mm 
g2 [uten?s Sera 4.98 2 5/5 mm 


P sin b L? 1250(0.98 1g) 1000)? 


NM 2 eee oom I = 33.1GImm 
BE(Ix-Lny Cana) ~ 3(72, 000)[184, J00—(-66,000)/-0.1886)] © ——-—— 


U s-v Can &d = - 33/6 (- 01886) = 6,25 nm 


- {66mm 


=1S5F mM 


= 498 mm 


Si futra = 6.25 +3165 = 33,79 MO 


OO 5 
Pong l?  _ 5000(0.985 4X 2000) ; mm 
Y9E(L, Try tane) ~ 98 (72, 0091, 370,000- 30,000(-0.287)]] ~ 252 


Ko 2-w Can & = -8.83(-0.2/87)= 1.¢7 mM 


2 Z 
Silk tra a S/i97 4 953°" %73 mM 


a 7 a Yooo (1260)" = 82mm 
3E (Ly ~ Ixy ban a) ~ 3(200, 000)[3, 600, 000-1, 125, 000 (0.8001) ~ 


us—v tan xk =- 482(0.9001)) > - 3.86 nm 


Sf fuera = E396) 4 482" = 6.18 mm 


/v 


Og Fig. @, 
2. ce 3- R, ” R, = Oo 
GM, = 1:58, — 48(3)=0 
R, = LAAN , R= hb AN 
By Fig. b, 
Ty = 1 (0.03)(0.06) = S. aig 
Ly = (0.06)(0-039 = [.3Sx10 m4 


Ley = 9, ¢ = 110° 


an d = Lxy-L ott Use 
Ly ~Lyy Cot @ 


mt A = O.9689F vad = 55,519? (Fig. b) \ ; 
1,Kz 
Figure b 


Frr OL FL OB mM, bee Figo. amd b, 
M, = (RK, cea 20°) 2 -— 1315-62 LN-M]; Zz m meter § 


1315.6 & =f.218x0" 7a 
BooxioN5-4ne) A) 


Arnce FE = 200 6Paand Vi 4 the Acapelycrrnint air thy disclion. 


dnkeguiln of Eg A) yiethe 


U; = -(2.0302K10" ) 274+ 2+ Co (b) 


Fur 2=0, =o Thapar Ca = 0. | 
Fin 0.8 £2 £1-S0m,Fes.@ and b) yold 


M,, =(R, los 29°) 2 —(P Ga 30°)(z 0.9) = 15035 B+2255.3  (n-wil 
(cont) 


AT / 


Mx 39Z1K1D -)z — 2-0882x1D-> 
E(L,- tx ytand.) 


Uz =@. 3.202% 10 Jz? ). oypixi0"*e% Get Cy 
OF BalSm, U5 =0; theufore Cy = 1.5661 x10 1. 50 C5» 
Nevee, yy = 320ax0"?) 23 —(. ou4ix *— (50-2), +L Sine (C) 
Gt 2=0-8m, V=Vy aud due =disde. Terre 
by Ege. (b) aud, we have fr Up = Uz ata= ogm 


C, = 1. 6009x107? ~ 1.14286, a) 


of Eye (b) ark (c) for 


AW/d2 = dUr/dz obez=ogm, welune 
Cy = BBS 28x10 +, (e) 


LM, totition of ys: d) tude) +4 


> 


C, = 3. TT3O KO fm, , Cy 1619 26x10 mM /m 


Theufore, Cy =- Z.2AZVKI”" 7 M. So, 4y Ege. (b) ant €, 
Y= 20302 x0 274 3, 5730x102 omy 


Uy = 2.3202 x10 B* = | OUM MIB 1 0H10E 
—~ A 1290x110" ~ Cmy ) 


dt the mibpocud of My bean B> 0-75 and hy o¢-®, 


Uj = 1.923 mm. Thoufne , th, dreplrceneit Lon the 
C2 


x drecdim (Fig. b) ia 


U, = -Y taund = — 18250456) = -2.b55mm 
Ae, hie Laplacemert poyrondicelin ts the meatal 
Ayat n-n( Fig b) <4 

S-= yusyr = 3.22 mm 

15% Fn hs Agrrmre Cread Aection of- Fig, 
Tytly=tht, Dy=0 @ 

Wah Eg -a), 


Ixy - £ cot o T, 
= —*Y Sx Tn cot hp 
Hn c Ty - Lxy cot ¢ ty x 
Or 
tind =-Cot (b) 


By Fig.a, P= W+ 90" Hener, 


Figure a 
Cand = tan Y le) 
Marbrre X= YP and Hh, nmewlaf mann Conater 
with Ahe tm tf bending CFig. a. Mag, Fig .&, 
My, = M caw and bey Eg (7. 20), the ip conponad oof te 


dv 


dz 
yan coz +C,2 + Cz 


Avie a0 ah B20, C220. Alten acuce tty alepe 
Jv/de = 0 at @=0, C =D. Conce , at Z2L, 


With E pe. © all) SF a iplamet compra a 


U=-Vlnd =u = etree @) 


Dhow , Urath E go. @) ard(e), Heir hetplacement § perpendicular 
Xe th, nesta aye non (Fig.a) 


Ss futeue = ML ot 


ely that thy esa momech of vials lel 
Ap ayes ny at [vee Eg - 6-107 


T= =.) lea ip Ly Aon *yp- Try emayp = ah ht 


nd 
— 


s=t4 ML CML 
a ELy Fit 


By Fig. Qa, 


Ll, = 4] otwop- 80(100)*| = 16.2% 10° mm 


Ly = 2[ cg Galion +5 voagah= a.yyio? wnt G) 
I 


x 


g = WtI0* = 110° (b) 


_ 


With E40. 0) and(b) the Lrcaten 
Fed on n-n Xa tived 


Figure a 


tand = Lay ~ Tx cot ¢ =- 2 est p = 1.7342 
on I, dy, cote Ty d= ©) 
or 
A = £0,903 


By Fig-@, My = G2 29° = UbEIGS N.- Sa by Egs.¥7.20) and (a) 


2 
dU _ Mx _ yeas 


dz+ Ey (200409)(16. 2410") 

Where a 24 The ¢ compen of thy hiaplecemert . 
Be = 1 usoeio 3g + C, 

roa wl. 2567x lot 

Avice thy abopr dU/d2 =0 Gt z=0 (Aly fied end) c,=0 

Ank Arcnce = O af 2=0, C,=O. Uherefore , ak thy pre 


onuk (F=L= 3.0m), 
-3 
y= 7.2$07x10"* (3.0) = —~6.525bxID ~ m (d) 


~ (4501x107 ” 


Z* + Cje+ Cz 


(cont. ) 


hs 


Rt, x comyeonent u of, the desplacermout £4, 


Wath Ege .(C) and) 


=~Uten d= 6. 5256bx 10" °(1,734 2) 


ge 


us Il. 3167x 10 7M (2) 


Une Art displacement S44, wath Eps Glade), 


i V “aus = 13.0610" IM = 13.06 mm 


Meirnalinely, by Me mentary michanted of -malouely , 
se b) 


W here by Fig. a, 
M,, = M cre (dy) = 5000 Gre 40.03” = 3825. 54 Nem 
Auk Ay Ep.. (B-10), 
The J, leah + Ly sind —Lyysin ao 
= 16.2% 10° bra (¢p.03°)+ 34x10" sin 60.03°) 
ae Lp = 6-S7uzx 10-© m4 


Haw, by & 4.6), 


2 
Cok 38aS.54)(3.0) = 13.06 my 
~ A (200x104) (6.5942 x10" 


7.54 JAr =Ac= 500 mmn® 5 Xo 2Smms y= 5 am 


@) 


d =ep-¥_)% Ur 4)° = [i- 25) @9-5)* = 2n.7¢mm . 


_ ArYd _ 500(200X2778) _ 
[pt ep aaa eal ad AM ay de 
tan B= $5" = 0.58335 £20,528) rad; $-g+2 22,0989 rad \ 


i 10 
b) Xr = OONS) + 17, 11310) ae (5.774) io} S90909 wih 


LN 3aNel. ¥ £5779 UoK0.9 
lIo3S} 12MIN ee ZETTYUOM00.%629) | 59 992 mm 


Gy = 
ee = FOCN3O)+ 7.113 he + (5.779 ONG-10) 


=25.096 mm stay 
wt 


pe n 
gs YOUGUS) + 2130 Ge 65+ ZCI INEOI77) | £028 mm 
2 2 LETT en at ee A 
Ve [Xr -%)"+ (Yr Ke) =U (10.904-2 5096) + (28,9 72-5.028) = 27.83 mm 


_ Ard 500(200)(27.83) _ 
Fp = ee ST 99g 2.783 KN 


- 25,096 -10.904 - — SS cathe ee Te. 
tan p= 2991205 00R ~ 2-5 727; BEO.SIFO rad 5 Q=ftZ= 2/058 rad 


TAs 2 MeO. Z . 
LDS Ay = Ag = AEE. 2250 mm Fs Fh hr hs 34 853 mm 
EGY BSH = 17,678 mm 


ee ale 
a eae 
Gp = BSIYT+ > 84853 = EL YF mm 


2250 


x 


= 32,766. 9m 


=a 
y) BE197 , L (ap og9 S47 fertile 53.033. >| 
Ye = 63,033 (35,147) + z (( 35:19 7X deepens 


2250 
: | ee an te oa ee 
PaVKr-Xd + Gr - Ye) = 07678-32322) + 63.43/-16.568) = 49/0 mm 


Pp = Arya _ 2e50 (a4) #90) - 2/21 AN 


L 125% 
; _ 63.43/- 16.568 _ 
can ee oy maT HT = 3.2002 


@= |,2677 rad 


| 8.1 |Let V pave magnitude of L. 
a. 
[- t(h tbl” +2be(4)- - LK To cA 


6; bch , bt 
a= bef 3) = ; z 


j 
| g vs qge bt = S68 BL, 
| 
| 
| 
| 
| 


+S (+ $84 48)] 


At location £, qe to(b4b-¥) 
F = = [q aes [ibs be. 4) dé = EAB, eh 
F; = BEM f - Bithe y bib, bres 


Take moments about PD, 


Ve = foh-2F hb: bth, brea , Bah” 26r66b _ 2breb. 
2 
aly ab ¥85)) 


|e: HB-B) 


C= 
+2 Bb, 46% 
2+zp 7 ct, Tap 
8.2 7 V oF papi va of TI. 
| 6 
T: 2th eh 2b) ath(4}° 


2 
by 
Leif te thi), + 4)) 


ath. b\. €bhh tbe 
Gp aan = Sah at 
2 


AE lecarien ia gz eal <b +) 
3 
Fz j|qd0= [ee 2 bps 2) dp as 
atte b Cbbh | 8b 


Ve=Feh+2Fb = wel 2h - 4) 
oe li lh Se] 


let V have magnitude of I 

_ tah 2 tbh | 

= 8 26504 -0ig)= Gb Tes 2h « Lah] 
- A fe bh 

Ga = te bP = bh 


- 4A tebyh 
ee 
maa é- fe6Fh 

4° 
Ve = (6 fa) — 4, 
o= A(i-% 
~ 2b, Ce 
ert + ee 


° 9g . 
7.2 ¢(2b(e) > er(eble- 264)? 
i2 


2 3 
Plott a8 


? 
- tle - e+ Ze) 
1 2 2 3 
aid 
ae a 


Ve>2F hz 


_ fh (3- 3 
~ 14 3b 382 SF 
Bet Bs 


l+a- 


8.5) Ler V have magnitude of I. 

[- 2 fete 9 Rd¢=tR (e- sin @ (0s 8) 
q=[t(R sina) R de = t¢ RX(cos $ - cos 6) 

a= RAE = RIRIG 


| 
| M = are | (os $-c0s 6) d$=2R tlino-e 005 6) 
O 
Ve=M 


_ 2R(sin 0-6 cos 6) 
G-SINne COLE 


18.6 |Let V have magnitude of I. 

I: £(eR+ 26)" Es eeont en E-nFcor$ 
: tk bre 2 (b+6) + 9-2 "(3+ 4) 

gs tolReb- 2) 

qq = th (Re) = th, R + SE 

Ip = + COR = Eb, om 


Ip = Igtt R (Cos b- Cos Fz tb, Re Br cbs emtas$ * 
dM=RdF = Gp Ride 
= ecntlins Rb fie R? cos )d¢g 
oO 
= 2¢R(Sb2, ROT, HT, pe) 
c= [9,40 -¢[(R0+he-2)d0 
= e948 = ICRP 0-s) 


O 
-£RE?, bh? 
2° 3 


' b° 
F = b 5% = 16(Rp + +B) 


i 
he R* 


GY 2 Ae 
Ve=M+2R Fo -26F 2 let Plas) ogres 56 be sre -¥ 
2 
: Rile+ Fee, -b)+ 6 Boe 12 28 a0 & Re 4 ~ zi 
air + 5 (5,rb)+ 4 (3+ 2) 
For b, = Oo 
b° 
_R[¥ tee tem. / 
Ti 2. 
+45 
For 6=0 
alee TB] 
are 3 TIC tll p: 


© 


| 8.7]ler V have Toy wah off 


3 3 


Jy = Yo (W490) = 4800 N/a; sys t0t89= 9600 Min i 


bg 40 ma 


F - & yy) = 2400(¥0)= 96,000 N 
= B (40) = 1800 (40) = 12,000 N 


Ye: z SOF, +60F2 


es 8 0(%6, 000)4 60072, 600) _ = /b.65 mm 


7E0; 800 


| 8.8 |ler Y, have magnitude ot JL, 
J: 250025) wastes)”, 2118525) _ 2625s) 


= 1,044, S00 on? Tom 


C 
y= 25 (CSCS) = 1563 Mimm 5 9-9, 42aS(@N525) =3 906 Nando 


qr S0l2SN50)= 10,156 lnm 5 PU Iyt UESN2S) = 13,281 N/om V 
£=Bees)= - HEROD /%,S¥0N 3 f= 5 %0(89) - 35), 550 V 
Fy = [40+ $(4y-%) f0o0)= [10,156 + $ (13, 281-10,156) 0d) = L, 223,930 N 
V(50 +e) = 100 Fy + $0 Fy -$0F 


a= 100 (351, SSO) SO (1, 223,970) -S0(1 4,540) -50 2 37/4 mm 


| 8.9 lier Y Face magnita de of JI, me 
96.75 i 
[= 197,100,000 mm"; tan 620.1000 GRIN a AF ° 
13.53 4(17,53 +2 Tan g) f 13.53 am) 
: dp = PSEA th £40 89 (193,2~ 2 tay 2) veey | 
1.75 200 mn /73,2 mm 


Fe [de # = 13, 021, 000 NW 


ye =f css Z (aise. ¥J 


- 3, 021,000/0. 99GB NEX188, 9) = 29.63 mm 


177, 100, LOO 
iS The meag flange thekness ts lgmm. Use £3, (8-9) —— 
%6.75° a 
Sretg 7 3I-6e mm 


ME EIICTS 75) 


| B./0\A, = /00(4-) = 400 mm*, Aa= 750 mm* » Az7 400 im * - {00 mm 


dm epAt8B 
_ 400(150)+ 75005) _ i 
19 = 1550 = 80.17 mm ¥ i 
- 9 = HOEY H002D = 62mm I 
8 
Tye a8 ones g>)> USO sus0) yea, 


= 5, 306, 390 mm” . i | 


"3 2 3 2 3 2 
I, = Hill) + 4oo(4.38) + sag t 750(8.62)-+ 62 + 300(33, 62) 


Z/, 477, 137 mn” 


Ley =400(-69.93)-41-38) + 750(5-17)(8-62) + 300(80-1 (F362 L)= 1997 845 mm ¥ 


tan 267- elxy -_ 20,997, 845) =-f.6435 


Ly-Ly — 5, 306,390 - 477, 137 
62--0, 4023 rad 


+ 
[2 ste) + Tyg = 6,158,924 mor Jy: Terly-Iy 2624603 mm" 
Xgt ty 05 @ + 455i 6 = - 0.38 (0,977) - 69-83 Co 31g) = - 56.643 Mm 
¥p = 4n (0S @- XB sn Oz- 64.93(0.91971) —C 11.39)C 0.3024) == 100-1 yam 
At distance 0 from B for load Ky, parasle! to Y-axis, 
Yj ; 

- iL AP = he Lisi al 

a7 [Ivel- £2150 al] 


/00 3.100 
2h? asvye 2 We 
Fo= 98 = nF ~ 7] = BS, 040 —— 
1 5 0(438, saoile) 
— LF OCF, CDG _ 
K > G,158, 424 7a.3g MM 
At distance 2 from B for load KK paralle/ to X-axis, 


KAN 
or vay lll soa 


/0 2 34/ 
; _ 2 ester BY Wt 
= Mp =O > . - [50 F 
{ 
e _ (50 IVY) — say g omm 


Y ~~ 62% 603 


Biller V have magnitude of I. 
91503)" 28.551 28.500? 26.50" 


30 min 9-30 mm > 


Tet a = 285, 070 mm” 
4,2 30(YBO) = 2700 N/om ; %q 2 FOUN EO) = 1800 N/mm 20 mm 30mm 
Oe 40,500 N 

= = £(39) = BOC? - = 27,000 N 


Ve = 60F, - 40 Fa 
60(10, 500) — ¥0(27,909) _ 
ATCO. -4£7¥ am 


e = 
2 
| BlélLet a4 have magnitude of JL. 450mm | 
yp. Meee nae (50) ~ BWOo", a (soyyy(754) = = 3,703,000 mm 
B 
4, - socal 75) = [5,000 Mimm; 9g: 4, +2512 (Yb2.5}= 23,840 Min rn 


9p = 9g + $0(¥)(25) = 28,840 N/mm 

R= H(so) = 2202 - 375,000 N 
Fy =[ 4 + #(%- J) [(100)= 2, 717, 300N 
SMe =0=V(50-e)+1505-S505 


e=50- 50(2, 717, 300)- /$0(375, 000) _ 28,50 mm 


7, 703,000 


| 8./3) Ler Vv have magni tade of I, 
- zie z ste): SUC!» a 20(5)(120) = 30, 507,000 mm” 


d= souteo=24 000 N/mm ; 52 4 (220) = 72,000 N/mm 
9p = Ip * 120560) = 128,000 N/mm 
f= L220) - (20,000 ¢ 72,0001 120) 6,720,000 WV 
| Fy =[9, +$(%- 95) |(e40) = 27, 840, 000N 
SMe 202 V(C+120)-120F, - 240 Fs 


120(27, 40,000 + 240(6, 720, 000) 
at Nn 
C= 30, 507, 000 120=42,.28 mm 


BF From Table 8.1, Fra. E, 


~ YR _ ¥(@50) _ 
C= + = a = 8. 3/ nM 


B.l5|Let V have magnitude of I. ke YO mrs 


[ = 2007, 268.5)(3)\(30) “= 935,900 mm Y 


9a = YOG)(30) = 3600 N/mm 


Ve=60F 


_ 60(72,000) 
e- “335, 900 ~ {2.84 mm 


T,, = 7 (30)450)— $Go(230)"— 1 (ideo? 


+ (4s )0y + @45« 030" a 
= 45.6958 x [0° mm#. Let Y=Ty: 


oN 
l 
“oo, 


120 {20 120 
dl = [ATL =l enone yd 
$ yf A [ (60+ 4 dt 
120 
= of 40(1a0™ 90") + © ag 30) 


So 


= oil's £2") 
A 6 


= 5.2266 x10° 


(40x10) $0 + 42) = 40,000 


a2 
\\ 


Fy + (70x10)x120 = Y0, 000+ 84000 = j24,000 


= 
iy) 
jf 


A = Fat (70) = 40,000+ Ik, 060 (70) = 5.7400 x10° , 
- (50 50 * 50 ‘ B = A 
f= | gdh = ee | (50x10)(80) df = 2.000810 5 
0 3 / t 


zMi= Ve - 240% - ZFx70+l608 =0 
e= 1#0F payok —l60G 
v 6) ~— (60 (2-000x 10°) 


1405-2266 x04) ¢AYO( SF. 7400 xlO 


n “U5.b8Sg x [0® 
€ =39-17 mm 


{\ 


By Fig. C, Table 8.1 and Fy. PIT, b =Z5 mm, b= SDmm 
tur = ty = 3.00-mm, and h= 100 mm. (See also Prob. 8.3). 
For b=as 4 b= SO, 
C@=50 1~ (28) ne 


2a5) (3100) __ 
At 3 (3) (50) 


By Fi ¢. B, Table 3! and Fig. PB, IZ, b, = 2Sonm, pic ponad: 
h= 100 mm ond t2.2.50 mm. CSee also Prob. %2). Therefore, 
ae cg oa 
Ee Sa ae |- pie aaa 
ers . oie -2¢ ae aS), t (26 /'] 

Let V=1L .CFig. A) 

Ze = fy (aels2y Layee)» Lawen— & AYl23 = 184187 mnt 
$y = Asalks)= 1250 
$57 Rsx2)(12.s)= 645 ee 

Fat %, (as) =4 (asilas)= (962s 

= 4G, (45) = £(Casp(es) = 791205 


= 50F tas Fs 
= SOC ISOIS) + BEN 7HAS) _ 
9 8492.7 . 


8.20 By Fig. A, Table 8.1 amd Fig. P8.20, we have 
b= AS mm, b= 12.5 onm, = 25mm, and t= 2.00 mm. 


[+ 2cals)[ a $ (B8)"J ey 


2+ 42. + AU ALAS) 4 ALES 94 4(2 12: BS ] 


10.9S mm 


Let V=l, Fig. A, where 

SOUT 3 

_ 2] (4) (adf) + 24 AMO. 566) 
d 


+r Z (10-566x2)(14-434 +t 10.564)* 
LT = 24,842-5 mmmt 


10.Sb6 10-SbG 10-56 & 
f= [as =| a7 <Jaenes- yu x 
10.566 
_ Ls _ 
= [4d] = 2397.8) 


25 mm > 


oO 
Zz 
Zam LY 3 an 
Ff 10.566 mm 
Fig. A. 


* 
eo 


= Ve —2F (25) =0 
ee REGCD . Colasi2) — 4.93 mm 
VY AY G4a-S | 


Let Val, where ( Fig A) 
wojrg’ 
I= 2) (AS) ean +2 (0)! 
+2 (40x90) 
= 2(4 fs + 30 +1 536,000 


= 965436 +80+1,536000 V 


2 T= 2501516 mm? 5 $= 60x2)x 30 100 
> x 8 4(6r)=48 g000 8 


Fig. A 


i” 
=M,= Ve- b0F=0 ! 


o7 e = 160F, ~ 160(29%,000) _ = (9.4L mm 
V 2,501,516 


Le t Vi » Fig. A, where 
I= 2 fC (40 + fg)* (2. sdh) +35 (60) (2. S} ‘sr albonasiCeol 


+ -L (a5)( 90) = s [16008 L Qo t+ Ley" + 15b IS+4840004-[06, 666.7 
ies 


mo T= [642,764 amt 


(cont. ) 


= t(s0l- zy) 8485.18 
Az 
t= 


$, > = § + (60s25)(40) = = 14,495.28 
be = Bg F(YOxa D0) = 1b, 485.28 
Pave = Bgt $(Ke-%) = 15,818-6| 

p= 5 (G19 = 6218 


= Fre)(80) = 1, 265, 499.8 


FE 


Zz M)= Ve - 0% —A0f, =O 
C= BORA _ 
V 


48.97 mm 


bet VE, fy where 
Ls i" (SE) es +a, tb) Holes) (22 
= tp gs AE egeD sinh 
g. =f) (2b- 4) -t (abd -L) 
F = [rat ef oe £*)12 
-¢ (Of-£)| =Ftb 


EMy= Ve+Zib=0 
Fb _ 


. F46)b =-0.297h 
V &. Softe 


By Symmetry, The centroid 0 and the shear center C are on 
the x axis. The location of the centrord 1s Cig. A) 


x)= aloo.) = 12.Sbonm from Gnter of the web. 
2 ByGo)(2-5) (002-5) 


Hence, L. “% 1G.) (100) +a60)(2-5)($0)~ | ye 1800 
= 0.333 (105) mmt ; 
Tex (0a U12:5)~ |V.\=2900N 


+A) 25)G0)+Q(M25)L1a-5)* 


= 0.130 Cio’) anmt 


First, Wwe Compute the shear stress T due 
To Vx. For section AB, Fiz. B, we have 


= + _ @SVR)(37.5-£) Ve 
ABLY) ~~ — @eE ~* Ty | 
2 
_ f, Ay00___ — 09,6923 9 — 0.009231 (a) 
- h(375-4) 0.1 30x10" 0.69454 


Thos, Cae Cv) 1S parobolic in the flanges. 


For sectings BC, we have 
4 00 
Cpe cv,) = 13 + 25 {)-12-5Xioson@) 
= /].5375-0.230774 (bao ; 
Thaaa, Cactvy ) is linear in BC. 


The Shear stress dest rrbu tion mM the 
Cross Sectioy dve to Vy 1s 


shown in Fig .C. 


8-25 cont. 


Next, Wwe Compo te the shear stress Jue 
to Vy _ For section AB Fig D, We 1.54 
have $=(f Neo va 


Soh te o.Jogousk (c) 


For section BC, we “have 


Upeev,) = )~ '5 f sen 3) o 


-p* 

= £402 +0 1004S 4-0. 0010804SA” fe 
The shear distyrbutim dve toWy 15 shown 1h ig. E 
ion by Eye @) ond ©, 


= C, 


ABLx) * Caw, ) 


~ z 
_ 0.8 00xf- 0. 009231) (2 


_l 
Gauk by Eg s. b) and G), 7 ta 
ia 1800 
= Goon) * Ge (Vy) 


(uo mm 


m2 


Tae 
Tec = 16 . 7404 - 0, olka saad 


Fr section CD, by Eqe-@) nd) 


Cop 7 Gety,) * Cnacyy) 


~ 2 
tp = — OS eH L+0-00923/K (3) 


vas 


The ttf Shear distri bution IS 


Shown in Fig. F. Nofe t he loca tim § of the 


MaximuM Shear b tress 7) each section. 


325 Cont. 
By F¢ @), The MeLimom onl of the Oaurs 
for spe - 0-003 — £( 0.00923; )L =0 


Oo? of R= 4.3.3¢85 29M. 
For this value of £ Fecmag)=|7 346 MP 


For The, the Mexemum arabue occurs 
at B ond ct ts Cac (mage) 16.746 MPE., 
by &9-CF), with f= 0. 


Por Leo , Eg (3) yo 


ie = —-0-S gyal + 2lo- 00923))4 =D 


mn f= 3/.6437. Fer this valve 
of f Dy EG G), cep (max) = - G.243 MPa. 


For 4 =8070, CBe =O (Fig. F). 


let V= lL. 


> 25amle L-2Z 2 "asias\ 72:8) 
= 6,690,000 mm* 


i g= A= bsyas)(72-) 


= 45,500 mm 


0 m 1/2, 
60am 12.80 Ma/gR'de = 2gR°IE = us, S00 (60) 1 


= S14,$90, 000 N-mm 
14, $90, G02 


. -~ M = $l,S70 
Yve-. M .. €= y 6,690, 000 


or 
C= 76.72 mm 


| 827| Ler V have magnitude of IT. The area 
of the T-section 1s 194 mm? and its Centroid 
1s located 6.9¥ mm from its base. The area 
of the angle section 1s 146 mm ane its 
centroid 15 located 6.40 mm trom its base. 


[T= 2 (1 46)(48.30) *. 2 (149 (6/. 24) = 1,779, 900 mm? 
q= 144 (6174) = 8871 N/mm 

9,29, + 196 (4839 = 15,942 N/mm 

F = (6.44 40.3) = 6.79(889|) =F4, 725 N 

Fo =(55-6.7)4 = 4249, VIS N 

Fo= 6.74, = 59,570 M 


Fy = 6,79, = 106,8// N 


Ve= 2 Fx (55) + 2 Fy (48.30) 2F, (55)-26 (1) 


0 - LUE N55) + 2 (106, 81)(48.50)- 2 (54, 92 ND-2(5G NOY 4. 9.5 mm 


i, 774, 000 


8.281 ler V have magnitude of I, The area 
of each T-section Is 1000 mm?and the centrotd 


| 1s located 20.5 mm from its base. 


A 10mm 


T= 4(1000(2 91,0) *= 232, 324,000 mm? 

| G= 1000(24/.0)= 241,000 N/mm 

Fo = (20.5 +05) 4 = 21024, 000)= 55 061,000 V 
| fF, =1/0 ¥ = 26, 510,000 N 


Ye= 40h - 2(vajF 


| o- YY40(26, 510, 000)- 2(HON 5, 061,200) _ Ys W) mm 


232, 324,000 


- Y 
= 198, 95, 900 mm 


the vertical web and Ay;. 


Fz = (100-8.7)4 = 24,907,000 N 
Fy = 8.29,> 2,237,000 N 

Fy = 9.79, =2,7/6,000 N 

Fp = )3.0 qs = /, 324, 000 N 

F,, = (100 -8.7) 4, = %, 301,000 N 
Fo = 8.2 Jo = 835,000 N 


fy 29.7 Vy =/,229,000N 


Let V have magnitude of TF. 


The area of each angle section 
1s 278 mm” and the centroid Is 
located 77mm from its base. 


T= 2(vo)l4gl(170.5) 2s es i630) ¥(2 7441.8)" 


9 = (42 40)(170.5) = 272,800 N/mm 


Fy = (C5216 7.0) = 101,675 N/mm 


Let 9, be the shear flow between 


G2 Ft 276(191.8) = 312,220 N/mm 


Let %y be the shear flow between 
the vertical web and Ay. 


Fy = Jo 278 (141.8) = 191,295 N/mm 


Fz 20.5 9, = 20.5(212, 800) = 5,372,000 N 


Ve = 300(F -&)+ 21,6(Fe-Fe)-100(2F - 2F5)- 8.726 - 2f7) 


ez 706 (15; 606,000) + 283.61, $67,000) -/00(8, $36, 000) -8.7 (2, 80¥, 000) = 29.44 mm 
148,595, 000 fe 


F 
; 100 mm re /00 mm _f 
| 


Make saw cuts at A and B to make two 
beams (beam | at left and beam 2). The shear 


load V has two parts, let Y= I, and Ve=ILp 
a magnitudes, [= haste)? S25t¢A = 36, 808, 000 nin” 


q, = 100 (5X50) = 25,000 Nim; 9, =/00(lo\(100) = 100,000 N/mm 


Iq = Ip + 002050) = 200,000 N/mm 

Superjmpose shear How Ys counterclockwise as 

shown, Satisty £4. (8.11) starting at P. 
00,0 

0=[ 94-100, 200 - $ (200,000- 100,000 £22 4. 2[4,- ae “ 

+4, + £ (25, 000) == 
q, > 28, 57/ N/mm 
F, = EI (714) = 2, 550,000 N 5 Fo 28,57) 527 (29.6): ¥09,000 N 


- 2 fia) : 
F, = [74,930 + F (111, 430-71, 470)[200 = 27, 6/4, 000 N 


Ve =200(F, -F2)+/00 F, 


_ (2,550, 000-409, 000,209 + 21, 6/4 200(100) KL Tmm 
36 3, 80% 5 000 oe 


Make saw cuts at Aand B to make two 
beams, The shear load V has two parts, let 
VieI and +I, in magnitudes. 


[= 2(900 + 300)(200)*= 96,000,000 mm 4 


9, = 700 (200) = 180,000N/mm, 4, = 300(200) = 60,000 N/mm 
Superimpose shear flow 9 counterclockwise a5 
SAOWN « Satis Fy £3,(8.1 ) Starting at A, . 


O=(q~180, 000) 22 + 29, 222 (a, +b0,209) 422 * g = 40,000 Mmm 


1a= 
| F; = 200(¥0, 000) = 3,000, 000M ; Betedigee Ged Ky ese NV 
Yez 200 Fe ~ ¥00 FE 


_ 200 (56,000,000) - Behe 000) = 8753 mm 


GES 0, JOO, G00 


16.32] For Problem 8.3) let the web thickness between the two 
areas A, be jncreased to 2mm. Satisty Eg, (Bll) sTarting av A, 


ee 400 
0=(44 - 180, 000) 72 + 29, 2 + (4, + 60,000)-422 


G = 12,000 N/mm 


F = 200(I2, 000) = 2, 400,000 N 


Fz = ¥00(180, 000~|2,000)= 67, 200,000 /V 


Ve: 200 F2 ~YO0OR 


as 200 (67, 200,000) ~ ¥0U(2, $00,000) _ 


3. . 
sh tig aint Cares rama 
Crile, coenccde ea Aaciale 


ditence, Es 5 (0-666 025 L)=0-28868L 
from thy recta) member of the — | 
Arclion . 


€=0-28¢¢8L._ 


Figure A 


By Fig, ths moment of Salle. abood thy x apie i 
dy = dance + Ieee + Lap (2) 

Geo, he Fig.a, 4n6=4 th b= 14-47? Hence, 

(b) 


Z=sSdnp=ats 


Dine & Ut 
Lxpe fo [Sey Gids eS L 
=30t 
Tine * Lene #3 Lt 


Hene,, fy E fa. Aah) 
Ty Bt (a) 


Nahe cute af fond ¢ gb) 
alma AC ABC au shou 


an Fig. by where with A 
we tehe CIE, 


Vy Lege =U 
xAC @) D 
y= LrgctLing= Woe t 
om by ne Oo and b, wth 


C$) 
BGM), G54] (4 - £)sino] 


= 7 (als— s* yt 


Adding $ (Fig. b), we oftem Hig ehear Plpur diagren. 
Ahan <n Fig.d » kben by Eg (61) aced Fig. d, wr 
ostén 


PEIN =e FRE HG RIVE) = 0 
A by Ege. F) G) aud), 
$,=-2(h-4¥h)a-%Lt (4) 


_ 


Fi pure d 


Mee, Hr moment epcet ey sguration for 
Maminty about frocnt Biytlty (Hg.e) 


Ve-F (1.SL den 1-47°) = 0 (#) 
Whore beg Eg (e) and Fig. (d) 
V=Vth= aget > F,=($%7-Fa)L (R) 
Cont.) 


Figure ec 


Og Eps(4) andlh), with Ege.) adli), we obtiex 


[3 }3 — J3 14 
ng tte = go bt 


1S L4ni9.47°€ = O-2333L 
fut L,=L,=l,= 05m aud t,= 20mm, ty=ts = 1S mm 

C Fig. P8. 3a). Wy aelulig fon he Locals of The thier Contes 
frllgvsi Conacher Ah, crthit hint of He Aor beam ( Fig op. 


— — b . 
Ly=Txpctlaed Teng © t, =/Simm 


Where with Fiza awEg Gs, Figure a 


(cont) 


3 b 
TD ege 72M S00) = 208. 33x 10° mw 


_ 500 b 
Tree = )xrdn x 48) ds = 1 $8. 2SK1D mm (ce) 


L yap = Lx pe X 1S6- 2Ex 10> mint 
Herne, ty Ega.(b) aud 6, 
iy, x 526.53%10° mm d) 


Mahe enti, at A ard C CFig.b). Uh, ahsar flowed wr 
Arckiona AC and’ ABC are thewn on Fig. b, Where we 


Vi=tune, Voz teoe teas © 


Aleo Ay E pale) ddl Figa.a and b, 
Be = CA = Lt (= kenya (se) = 625 AN /mm 
G, = AeVe = 155 [L-§) 0309] = 3-755 (1000-5) [4n/mm] 
$, = F = 3.75 s({iv00-S) [AN/mm] 


anh 


(5) 


(cont.) 


te = % |seso07 Ess = 737.5 4N/mm (8) 
Adding % , Wwe ob fin ithe thear {ow Biaprenr shea 
An Fig.e. Then, bg Eg. (g.it) ank Fig.c, wet often 
b£40 = (4-4 be) = +(B+25 ,) = £* (y+ 3%) = =O @) 
Ao, beg Ege. £), 3), ach Q), wr obbion 9. ad 
E, = — 340.91 &AN/mm 


sted pac? Bifg pole D pale 


Ve —FLan30° =0 (4) 


Where by Eg, (€) ond @), and) Fige. ec audd, 


(Gut. ) 


V=V+Vy = Ad. 6 
Fh = (3 Fo ~ Fa)lz [5 29) +5409 tan)= 378793104 


By E G+) aed Ch With Fig.d, = 18l-Emm, ov 


@' = Lten30%@ = 638.Lmmy 


Figure d 


ABC, 
147 7a! 5) (500)*= 5. 203x 1b)’ mm4 


Forth, demir Ach) 
T 
Tx = if y7dA = { (250406)"(5)250d 6 x 
+) 


oe ue 
Dxg = 1.2272x 10% mmt \ 


y=, tiga = bs 7490x (0% mutt (A) 


M aSon pectice! crily of A onl C CFg.b>. Lef 
Khe Ahr Avaba V' = Ix: awk Vi=Iyz- Fn th, petal 
Akin , Mie Ahearn flow of B 0, by Fig-b, 

¢- = Aly’ = 5(250U25) =156-25 RN/mm (4) 

B 


XI 


The shear four a ABC to parsbpke. 


F = 156.25 aN/nm 
8 


Figure b 


Fn th, demiccretlyrn Leclidy ADC, contehen am ane. B ded care, 
Gud area Als 5 (2806)=12506. Lh, contin & Qt 
4b hectic of 06. =QS0 in o/2)/inj2), He ; 


—/ ~ 
F'= 06 og. = 280 (246 8 oS) 


Mnerepre , i thy semitinele, 


B60) = AY! = 312500 dnb = 312.5 40r8 knjmm (6) 


_ 250 dené 


Fo pene Fen AG c), 
§ £0) sp — % (229 — G+ & $4) 52 (-) 


” (s) (250d 3 b (©) 
dp - (2. 54m9)(250d6) = BI2ZS 
bHdf [i a 250d 6) 
Wher, by E ga .(b),(d), aud (2) 


G,= 31.038 kN/mm (Ff) 


Wey hy Fif.c, ure Maye with 
Egs.(c) and(f), 

G2M,= Ve~ fi(gce)-g.yrdeqr=0 
or wilh r= ZSomm ang 


V= Ly = 748x102 N 
=1-743x (p> RN, 


= a amb (312-500vn 9 -§1.039)dé 


Figure Cc 


€= 132-4 mm. 


nen ee Deck, by Fig.C. and Aperibidrium ofertas 


V=(Gt2F)S0 + fu G6) - F,\ au 9] 250 do 
(1 with & $4 -(b),©), aud G), 


V = 72,60S8N + 82,198 AN = 1748x108" = |T,| - 


Ohio, tence By EGe.c) awh), ¢-F =o fn 
=15.03° auk fr B= Ibt.97°, the aheer etiaes Plum 


Figured 


For Aly raclavguler section ABQDE (Fg. a) 
Ty, = 2L4 Goon 5)*+ 300(5)(250)"] + L@(s09° 
Ly, = A.3959X 10% myt = 2.37S59x I~ t mt 
Fr the aemicircular section , 

— 2 

Ly = fyrda = 2} (250 Cos 6) (s)(250d6) 


ou 


nr Ly = 12272 «10% mm't = 1. 2272x1077 m4 


Maatfrr, fon Aly creed aeclin, 


I, = Ty, ty = 3-62312/0% mm = 3.6231K 10 t mt (A 


(cont) 


Meke vediinl outa ot Maud E (Fiz. by. 
bet Vi=Tx, anh 300 mm 


Vy, = Ly: Thenw ao 


Figure a 


300(5)US0) = 375 &N/my 


- $,, + 250(s)(125) = 531.25 4N/mm (b> 


Fon thy demicirerty action AFE, Conecdr an are f 6 rad 

Gud area A’ = 5(2506)= 12506. We cotigid G of The Ar. 22 
= 250 LNG) | Fi b, 

Arched) at OG (BI) Hence, bg ig. 


— t 


Af = 0G Cos. 250 (2AM CRS). a s0le.ndl/o 
Thaslr, tin thy aomicinels, th heer flea 


$0) = A’g’ = W25 00am 6 = 312-5 4H 6 [4n/mm] (¢) 


(Cont. ) 


Then, fr ger rotalion of thy cross. aeimn (Fp.0) 
PAR ABE — (52) foS lin 

$$241 - [lsta.S-aen o2s0d6) ay(asede) 51250 tNlum @) 
By Epe.b),@, ankle, 


F,=- 103-87 &N/mm (Ff) 


$8)= 3512. 5Sinp’ 


Figure b 
Hence, het Fig-C, wa avr with Epo. b), ©), and(f) 


7 
GZ My = Ve + PLGO-F,)bS0de) 250) ~ (fy +4 F)(2m)(250) 
— LI4+ Be + $ Fa Fy) odo) (f+ Falomilasi = 0 


Ww T x 
6 LGe)- f,) (250 de) ](asv) =Q50) i (312.5 Sing + Jo3. 31)do (a) 
= §.94S7 x10" N-mm 


Therefor, Ve = —S-94ST x0" & 6.2722%0% + S.6.294R 19" 
+ 6.2722x% 196 


ot € = —3.675 mm 


( cont.) 


G)=312-5 sing 


Figure ec 


Note aaa check Ag. Fig.c and Ego.(b) dudff), Le prihcbrion 
V = [Gyt hot $(ta~ F)]600) 


: 
~ (G00) -8,)ams] asode 


Hence, 


V = 187b4s.33 - 1746S3.44b 


on 
V = 3.623% 10° AN = 3.623% 10°N = |Ix| 


akong Aeclion AEE (Fig.a), y= Ak ank 
dh = oy: Avafne, dA “tak = 30% dy. Hence, 
tx, = [a7da = 2] y* (svxdy) = 1.448 x10° mm 
0 
Fn Ahe Arelangutanr gectkin , | 
yg = Tp Gol 3)+ ola)(80)"] + fe B)(160)'= 4.096 x1D mt 
So, fron the Cree eclim, 


Ty, = Lx, ttx2 = 5. Suu x 10% mmt (as 


80 mm 80 mm 


ee 


Figure a 
Nake mitieah et. ot hawk and Ut th shia ood 
Vi =(Iel, ao ttut Vi =Ta, end Vi=Dx2- For ecclin AFF, 
the ahsor floor sa (with V' =), 
FU = LAF = Goo Re) 22R+*) 


- Z— 3f2 f° 
Flt) = G600VX a h (L) 


By ER. (<),@, and(e), 
Fa = — OS62 82 N/mm (f) 


CEM. = Ve~ 2( Ftd Fe Neol30) -L Get For HH-Fy]lubod(tbs) =O CF) 
Therefor, with v= ltl = Saux oy EF - A pelle 
_ §.263 x10* _ gy, 
Ee = Senux De = 14.4 mm 
Ata chech, bg Fig: C, 
Born ii. 7 

EF, = V—2 [Let Bal Liye yt Bp Hluce) =o 

With Eg4.(b),), aul CE), we ford 


y= &. S4yx loon = [Tx] 


5 


=19200 N/mm 
6, / 
Figure Cc. 


Fr Hts nectangelar, arcu ABQDE (Fig.a), 
Duy = ALK SMP + 500475)" ]+ 1 (50)? = 3.3755 10° mm} 
Fr atehion EF CHA, With y= 50+ EN 
ty. = {yda = 2f (s0 +124)" (adg) + 15 (4)100) 1-4S29x10° mmt 
0 


usfrre fr thy erred arelarn 
Ly, = Dx, t Lee = 4. 8294x 10° mmt (a) 


Th, etn) cule at tank & Cig. b), and LA th, 


magnitedks of. hear Vi! he equcel & [Tx], 40 tMet 
Vi= Ly, ered V, =Ix2- Ther, Hee aheear Llu fer the cut 


Aelions 14 Reber minced) tea forblrors (with V,=V, and W's V, ): 


[any Sm 


| 8.39 coit.| Fer Hh, reclan Actin, the abr ploure at 
prote 4,80, D, anh Ewe lfig.b) 


he a = ae AY’ = sol4)(75) = 15,000 N/mm 


Tg = Ft Aly! = 15,000 + 4(7S)(37-5) = 2b, 280 N/wm (b) 
Fn = Fe =P ere 
For front EFGHA, thy ahear florrn a2 44 
$(X) = AY = UU(7S-12f)= 300 L— 12h (Ct) 
By Eg -©, fat = asia mm, 
Ge = $y = 8938.83 N/mm a) 


Ge = Fe TAY’ = 838.934 4(S0)(25) = 13,838.53 N/m 


Why ahsar firwd ane whewn wm Fig.C. 
| S50 mm | 
SS 


EOE SAE] Fa pone tihng. 0), aleting a we get 
PES = (Hythe) P+ LOI SCF HLG + (td He) 
di 1S¥3, 
- C1 Uh HUI SE + Gyr Byt 3 (5- Buf Hee +See =o 


Where 


a C$, su} 44 = {T [ 5, ~sool + BE) df = 8.9358 9 -41,666.7 (f) 
By Ege b),Q), © andlf), we fr 
G = 619.05 N/mm (4) 
Hone, by Fig. C, with Epa .(b(d), arch(g) 
C+2My = Vle+50)- (&-¢, at 54-5) 0ols0 -2 (5, +4 * HOOT 
- (444, ri 3(h- $5) ](is0)(125) = = 


Thanfoe, y(e450) = uoe.geurrh 


Guk with Va 4. VasuxioeN, we Plan 


e = 408 9suxio" 
AZ 2EUExIDF 


Ca a check, hy Fig. c, 


— 50 = 34.70 my 


2sv2 
Vr2 J Lt) - Fy] Sh + LG e- Fa) + Z(G, - Flo 
+(Fa t+ Fot F(Fo~ By] (5%) 


V=uE.82rxn 10" = 


Af = 6040-304 1250= 712.9 mm 
We apbrepnah, arthue of Ty xe 
L,,% Uk (25) "+ 25025\(728)*] 

* T, x 6.68997 am ) \ 
Toke to cuts. at B aud D(Fig.b). 
Be hear bros ain aochinne DEB 

FAY’ = AS45728) = 45 500-8, (b) be 
Te Rear, fru ain anchin BD sa gers _ 

Monee, fr gero dtalin 

$ £41 = (5,- #) S97 + GG = 0 


Ou 
5 - N. 
B = 27, 673.4 — (<) 


Figure a 


then ky Fig. c, with Efs.(banXK, 
GZ My = Ve - Se ~FaXoodyod =0, or whhV= 6-6599x/D mnt=|L\ 


ea ddl, 387, 450/b, 689, top = 30.1 mm 


KA a check, by Fige. to onde, with Ed blend (0), 


Tr 
V= { FF, )erin 0) ode) + 2$(12.8) 
0 


+ §, (121-2) 


= 2,136,790 #1, /b4, 800 + 
+ 3,356, 44S 


071 
Vi=6-66x10°N <|Z,], 


Figure b 


Figure C 


“Who tree. of thy T~ deckim xa (44MM anf) he Cetnek 24 
Aceh 6-44 min Prom ve Bees (Fig-4). Che are. of the angh arilirn 
Ad grew ar. [tb mut, with Could 6.40 mm from we tides. Thuppe 
Hoe area. nomont of invite Ah, T-aeclione 44 ‘ 

Ty, % ALF) = 2leu(e.re) = |, 097, 806 mm 
Li, ce BAL (FH) = 2(146)(48-30)" = 681,204 4m! 
So, fn th, Lrodd dochioy 


T, = Tx, Hy2= 1,774 000 mm (@) 


G. = ALY, =144(61-19)= 3890-56 Nia 


b) 
%= Ay Y= Mb (48.39 = 7051.30 Nias 


a S5.3mm 
: (to base of T) 


(to center of 
flange) 


E CP) aad) Fp. 
(Ell = 9.+g-) (A858 


060 
+ B, (48-30 #6.70+6.70+ 2x 48.30 
+ 6-70+6.70 + 4S. 30)/.60 


~ § (6.70+.2*48.30 +6-10)/0.60=0 


G = - 612-92 Num (©) 


ako, by Figs.a.and b and Ef. &) 
ank (Cc), we Rare 


os um 
(to centers of flanges) 


Figure a 


cont. ) 


Cr >M, =Ve- 5, (110 KES +4$.3x55 ~6.70x6.10 + 6.70% 48.30 
+ 6.70x 49-30 — 6-70 6,70 +48.5x 5S) 
—$ (Ax Gl 7# x S5)t B, (6.70x4g.3 + 6.70 x 48,30)= O 


e = “eB, SOG, 000 
1,779, 000 


= 27,27 mm 


“hen, O40. chuck, Ay Fig. b, we fart 


V= §(-6.7- 2x 48.3 -6.70 +110) + F (2x 49-30) 
t F (anbl.74) 


V = 1,777,006 wn =[Ey| 


Figure b 


A= |00tlOF1+9-67 = 120.67mm | 

So, A “app ropecmal aren marterd of cinerea of a T-Asciny 44 
~ - ¥ 
Dy HS FAY,” = 20324) (120.67)*= 7,439,690 mm 


Tyo Ke AA y= 2 400)(10b) = $, 000,000 mm? 


So, the moment of naka. ofthe 004 22Tein Ad 


_ 7 ¢ 
©, =I, + Ix, = 1.7436 x10' mm (a) 


1 ene, Wilh VEL 
mm 


Gg: A= 62412067) 
g = Arf, =Wool 100) 


Figure a 


Si] 


PLdS = (Gat F,) (22!) + ts (2o4 Ios) + ($,- $,)(Ltzeot!) 
+ % (10-5 + 60) - 0 
Fy = 330.43 N/mm (c) 


ov 


C+F Me = VE- Gq (Z2NKT + GOKIO.S —10-Sxil + M100 + Ix/00 
— 10.51 + 60x NOS) + F(x 100 + 1x100) 
— F, (2¢.34x 7) =D 


~ $.9Aal5K10®, $.F2ISKI0* _ 


AA. a cheek hg Fig. b, we Rave 
V = F (AHl.30)+ F (221-0) -Gpl 1n-5x2) (fa Fp) 200) (. T43bx10N 


re 


4.61 mm 


: | tS mn 


[10.5 mm 


[mm 


i ae — 60 ~m— 


Figuve b 


By Fig.a, fn thy erckion AGBQDE, 
ry, = 204 (300) (uP a. 300(4)(Z50)*] + ps (u)(500)? = 1. 9/6 7x 108 mm * 
For nekign AHE, 
Lx = +5 (u) (S00) = 4.1667% 108 mm + 
For ection, EFA, 


Ty3 = {y*daz of Gs (20 c0sp)* (s)(zs0de) = }.2272%10% mm4 


Renee, fer The crace ecko 


IT, = Lue + Tne + Tks = 3.561108 mn + (@) 


Mahe ow cute af A aud E, Hy Mtee LA and the the 
Aeckiin AKE (Fig. b). fot y! jot the aight G 
Atam he “4 al AS the k— 300mm — 


magnate of Tx, 
Ahad Vi =Ty, y= Lx2 ond 


xu 


Vy=K, YzYy, 


hud V3'=V): 
Fre aeclion RBQDE, Figure & 


4, = be = HEA = Gon(u)c2sv) = 300 AL 


> %p + esoucias) = 4 25 ae 
For Aeetion AHE 
Fi, = ALY, = 250(#)(12S) = jase 


| Fri aeckion AFE, consid the are 6 ark area 
Az = (450 PS) = 12506. Th, terkieid 6 of the arte 14 Lycitid oF 


Hb = (250 aun B) (672). Hence, By Fig. b, Z'=H6Gsb = 2504008. 
Mrsrfr , Ah, Been flow in ACN AFE Ad, e 
$(0) = fe AY = 312-5 dais (AS Gd) 

Mon, fo. pore nitatin of bo cnet. arctan CE if.a and b) 

GEA = [EDL - 9 BY-(h+ FH) SL? + G (542) = 0 is 

@ 
P Ed = GH) +B Ale) OAL BE HEA Ff ec 

W here (#2.d4 = f Gia s sm (2sode) = 3125) RAN/mm (F) 


Figure b 

Mh, AsQulin of Eys(€) is, wilh kge.b), ©, and) 
GF, = — 147. 32 AN /my 

G, = 8-672 A4¥/mm 


r 
Cr 2 Mys Ve + if Ll #46) -¥,)(2sdde) 2s —( § +5 $-))(300)(250) 
— [Gt Fat Fl Fe - Bp)|G00)(300) -(F +x .\ (300) (50) =O 


hfe, Ve =3.2685x107 Nemm 

n with V=39.Sb6Ix 0? N (|), 
ECE = F.1G mm 

Gi. 0. check, ey Figs. « aend by ancl Ep2-(b) © 0), ond) 


Neuee, Ae Figo. & aul) bb, and E gd. b), ©, (d) andl) 


= (i ( ${6)- favre] lz50db) )+(# + 35) 500 — F (S00) 
+ [$+ + S(H-%)] 00 = 3. 56ixi0PN ElZx\) - 
Fou aeckion A BGDE C Fig. 2) 
Ix, = 2) 45(40)(3)7 + B0(3)(80)" J+ 4(3)(ib0)"= Y.076X10° mmt 
For Aceh KHE, Ix. = dey) (Ibo)? = 1.305% 106 myn #. 
Fin doctien A FE, om | 80mm 
3° {y70h, where —¥__ 8 
seg df= fady, 
da=3dh=s3lZdy. 


DF 2/7 


= in 4ysxid°mm? 


T= 6-109x10°mmt (a) 


Figure & (cont) 


Hale 
. aa Vir lil, to Alet Vie Tar, viz 
» Aty LA v'= Vv, Viz 


rn ee ABQ DE, 
bp = B= fA, i, = 401380) = 19.200 N. 


Ix2, tnd 
Vi, aud V,' = Vyl Fig. b). 


®) 


$= Bot 500 (40) = 29,300 NE 
Fr atclion AHE, 
F, = Gola)(ud = 12, 00 Me (c) 
Fr dedim AEE, hy Figs. a and b, 
Pll) = Ye As = Bore -8) (3y( so ey) = Mood —3Ef* (d) 
Em pene netibign of Ae erg seclie Ber Figs. A and b, 
we Frame forthe reght- Rand Hast, altarloing. of 


Figure b 


GEM = Fab § Ip ~ Gh) Me — (GF AG)B LG + Iy+ Fy Fe 
-G+ 4%) = (® 
Secmihedy ton thy, Laptprand hay, Alain a E, 
$ Fas -2fTe-ayst +(%-&- FG) =o A 
Whee, wath 4.0), 
a mc a0)-4,) 4 = 682,664.7-75.42u7%, (H 
By Ege.(b),©, ©), ©), ad ®, 
Goa-AUHb, gs 172te Hh @) 
Then, Dy Fis. 4 aud b, wath Eps. G),@), ond A 


(4 SMe - y(gore) - (4+, F,) (ieey(so) — (F + 4 $,)(80)( 80) 
— LG + Fo + E( $F) ] (1b0)(160)~(4,44 FeYpoKGe)=0 
V(804€) = B.3L274108 Nemm 


ot 83.3427 yip8 


a= bbb ax ye —-50 = 4¥4.S mm 
Gh a check , Ay Figs .a aud b, with Eps), Od) end(h), 


we , $013. 


V=2 [ (HO - FEZ] + (Ht 2% -G) 160 
+L G+h+SlFQ-Fp)I 160 
= 1, 139,390 + 2,148, G40 +3,621,660 


Ve b.F9K10° N Gly). 


8.45) By Fg. a, fr anction BDAEF, 
T,,, = aL (S06)? + Sole 50) 6 EK100)* = 2.001910" mm} 
Fre aeclion KBHFG, 
Ty, =2[G@59ls)? + 25(SK 50) +4 LEX 100) = | OF 22K/D "mm ¥ 
ts al = Ty, + LTr2 = 3.0440xI0° mm + (a\ 
Mahe dau cule 15 thy ight of asctern BHF CFig.b) and L? 
v" =[T,[, #0 Ahk V, = Dx Gud Vi'=Ix2 Cah Lt 


Vi V,, v=). 25mm tSemn a7 


-Z~ Vi ve _ N 
F, * tT, A, Y, - 50(t)(50) = 15000 


rim 


| (b) 
I, Ft SD6N25) = 22, 500 He, 50 mm 


Aemiledly fr acctlign ABH FE, 


gen aot uM 
a 2 Tyee 2 ¥,= 2515 50)= 6250 


5 $.+ 50 (S)(25) = 12560 ai 


For g2r0 etal uf the ror 6 E 
Au, Aanting af pont F Smm 6mm Figure a 


GEM = G14 G6) PMG (Fo HI 20} 
+(G +44) 82) + LG -G-2(F- HI () = 0 


v7 F - ~ub87.s N/mm @) 
1 


Then, bg Fy. Qa and b with Fge. b),©, and Gd), we have 


Cont.) 


GS Mg=Ve—4 $ (25) (100) — ( $+ £F.\(50)(100) 
LE + Fe F(Fy- Fe) (ro0)cse) = 0 
Ye = 9. 843Ex 1p" Nomm 


re eo = 1:843exlo’ 


3,0uKXIDE 


n 


= 32:34 mm 


Ba a Meck, by Fig. b, with p+. O), ©), andl), 
V= UG.t fet $C 95-3, Moo H+ S04, F,) -%1 100 


V = 3.042 K1D® (ce (I,1) WN 


Pp For om 


= 250 MPA We AE ae eb Gh mall 
a a Kren -momont, Tyg rt, hy EF.G.1), 
M CA-r Am) 
Tog = Ar(RAy- A) @ 
to calewhle araluss of #, R, wud Hy for the tread arelirn 
divhe the Cited. dickim 


As Tid Areet 
A, and A (Fig), | 


5b, = 40mm (b) 
c¢,= 35mm 


Figure Qa 


R= ate - - 27.5 mm 
Aw, = b, ba = AA.355 MM 


delay, for Anta he (Fig.c f Table 7.2) 
A, = 600 mme2 
KR, = $2.75 mm @) 
An = |{.91 mm 
2 


Then. Ay Efe. GI2)- (9.10) aud 694 (b) ond 0), 


A=A 4th. = 1200 mm~ 
R= BB+ Bef = 40-14% mm 
A, Az ; 
Am = Aim, + Amz = 34-27 mm 
Oy Efe. @\ ang dl), we fvd 


0.005667 _ ov, 0 e 
Tap =" ( este — 0 D001620) (€) 


M aw N- mm 
Fn porctint manent M, Aly -m oxyainuum Aevale rede 
Top Oteurd of r= adomm ( Fig. a). Hence, ER: (E) pields 


M =2-058x [6° N-mm -2.0S$ RN ow (f) 


Fr. megetart moment M, the maimunm Hitcle Hired 


Top oceus of Y=7SMM. They, Ep-@ yoebde 
[M] =2-893xj0° Nemmy = 2.373 AN-m (9) 
ahh vak nnrmovd £4 M= 2.058 4N-m, 


me frse Aohy diagram of. the a0ctiry A-N of Ah, 
an Fig. Q. By Fig. a, 


By Eg. 7.1), 
_ Ny M(A-rAm) (b3 
Tpp 


—~ "A Ar(RA,-A) | 
Whe f= Tid 74 and) hy Tabh 7.2, Am =]2tord Varta J 
Mone, , by EY. (a) and (b) 


ppt fl + Grd ar (arotd — lant) Se ENC) 
PO TIC © TLR A+) (AGtd ~[ernng ag) — 27] 
=" (Fig). 


=H 5 Grd) Ld® 46 (aed TRGaeE © 
(Tren tesile = TE! * Steere EE lanpea)-d3 


Th, A type Comyprtedink oie. cceurs aft r=ttd. 


T hevefr, Eg .(), 
* HPC) (2K 4d)[d— Hon)(an+d-Ieotdd*)] 
= 331+ 


21% ©) 
rane congress TA” "205 +d)[2 Ggedy(2,+d-faged) a4) —d ; 


F7S MP4, With = 75 mm aud d= S0mm, EG) pruille 


375 N. = 0.010523 Ry, ah 
>" 


Fu y, = 35.64 AN 


9.3] 6) Devil th crea acclign inte Tze ares Ay and Ay 
(Fig). By Fiza ahhh s.2, 
A, =S0x25= 1250 mm) Ar =4(D)60) = 1250 mm? 
R= (4 70412-5 = 1482.5 mm, R=1420+2S +460) = |SHL.7 mm @) 
Ay, = S04 TERE = 0.84519 mm, Arts™ DELS), isus EUS = OG2695 mm 
Hence, By F$s.9.12)—@.1u) anh), 


0/470 mm» 25mm—r_e—— 5SOmm 

l 

7 T 
| 25mm 
| Somy Py 
i 

| 


Figure q 


k= Ait Ay = 2500 mmt = 0.0025 m> 


Ay = Arm + Amy, = 1.670I4 mm = d.00/670Iu mn (b) 


R = Rf tha = 1497.1 mm = 14971 m 


fp= VtPanbe=0 


a 
y 
Z,=N+Pase =0 Ke 


* LR: 1-490 
GZ M,= PRRas 4-M=0 Figoreb | 90M 


Ov 


Vo -Paneg = —30) 2 NI 
N=-[?@0 @ = - 306 Ge [NJ (c) 
M= PRI-losb)= 449, (30 (1-608) (N-mm] 
Gy Egs-.©), ©), and Gl), urt Hane 
= N + mM (A-r Am) 
bo = Ar(Rhn-* ) 


Opp = ~120 Go + (AE _ 8.180, )i-coso)xi0" [4 Pa] (d) 


aid Meencmuem) Crp ) d (oe /d 6 =0, ov wath, 
. } 


6=O mn 6=7T 
Fr B=0, Thy <4 @ mind um aud fn B=, Go ce 
oy en ee Ee Wl]. Un, merimune Nenecle 
; = -(d). 
aod Pea fe haat of T are, Oy &f-@) 


Fr v2 1u70 am: Oh, = 120424937 = 30.06 MPa: Tension at C (e) 


Fn res SUS: Gp = 120 - 50,778 = —50- 8b MPA: Compression atD ) 
By EG. @) with 6 =TY2 nad and with Fig. a. | 

Foo r=1470M, Gy = Ot 14,969 =14-97 MPA > Tension at C (8) 

Fn r= 1 Susm, Ogg =O - 25489 = -25.49 MPa; Compression at D (a) 


(¢) 
Cont. 


7.5 Conte Cy Fig.c and Afporduy B, 


Yo = Bt Aay, . sasvtia-s)+ 1250(4/.67) 
A Z S00 


= 2LOSmm 


Jy, = 7 (50) (as)? + 1250(27.08-12-5)” = 330,825 mm 


Tyg = (S050) +1250 (41-67-27.08)” = 439, G16 mmit 


ou 


> 7 
LT, = Dy, + Inn = 7,70542x1D mt = 7. 70S2x10- mt 
For @=17T CFig-b), M=2PR=2(300)(-4971) = 399.26 N-m 


Newnes, by Eg (0), ai 


Typ =a! bbaloty (4) 


50mm 
Fev ¥ =~ 0.02708 m (pointe 

ww 19-6), Eg (4) yell 
Oegy= 51.57 MPa, Compared 
7 30-06MPa bycumed 


Figure Cc 
Foe = 0.04792, m (pout Dan Fig.c), Eg (4) -petds 
Top = —SS.¢7 mPa, Comaered 7) ~ 50.86 MPA be cued deam 
Fo &= B(Bg.b), M=PR=449.13.N-M~ Hever, Ay Ey -f) 
} 
Tgp = ~ 8-327 x 19 8y &) 


Fyn Y=~6.0270g m (pot C an Fig. cd, E¥- A) pr2bele 

Top = 1S 7EMPL, tory arth A5 14.97 MPR by curved boom 

Fin y = 0.047492 m ( pont D ru Fig. 0), Ef. Q) yrol Spy: ~27-93M A, 
Compouh A5 26-49 PA hy curmth heem theory 


(cont.) 


bb) Compas Ty Cre elle of Example 4.2, 
Hhe mrayrinun Henecly aUaee at C (Fig.c) 14 reduced 
AY affprrpeimatly G8. 76 - 30.06)x100/38.16 227%, - Hourevt , 
thy M wypomune Comprcedirt sited ak D (Fig.c) 24 
AM n20-42Q be (-50-£b 4-37 YG) 01D0/ 37-46) Ae 36% ~ Ahcorncregen 
wn Comprcesire tlie at D may redull an cruohing at D. 
©) Ln addin ts preechh cruchuy of D, Thy neteaignech 
arclion hae a Larger erpes- doclionel area, 2500 mm™ 
VEAL AUD Mn”, Actuthiny in a hegyrr sremper.. th 


4.4 | A) Conaide, ty pre - dia rar of the Aovk 
for ABC C Fig. a). fy fe wa sh dinselion, 


We Hane, when t ie ty Ahichencae of Uy > 


=,=P-[ P(ndd)t long =0 


0 M wt y 
ou Pp A » 


Mhen, hy the free. diagram 
Ch indlom oth hack log 
we Da nr 


Ze —NsinB-V cose + prit [ces ddo=0 
ov N sinb+VCos 6 = pritione (5) 
ZF, = —N cosh -v sind - pret [Menpdd 
N cose -V sing = -Prit(\- cosa) &) 
GZMp= M-NR=p 
ov Ms: NR (2) 


q.4 Cont-| Th, aebation of &¥4.(b), ©, ark (d) 4 
N= Autll-CosF) (e) 
= prit tn ®@ @ 
Mz pyRt(I- los 8) G) 
Neuce, by ERO), @ and 10), 


gr, = Me Moh-rAm) fp) 
bo R Ar (Ritm- 4) 


Ww Mere 


A= (%-G)t 
An = t Ln Yo (i) 


REE tH) 
aud hy Ege. (a),e), end) 
N=4 Pl\-Ge 6) (#) 
mM =4PR (i~ cows) 
Ao, Ay Ffo.@), (C), and ), sn trina HP, to, t, and d, 


r = Roath V4 + GeH OG nr ne -rn#@) Tienes lh) 
bb 2lh-K)t LOG +h) bn -2(4-4)] 


(b) Fr i; = 60mm, Vp = 180mm and t= SO mm, Eg. B@ peth 


Tog = Pli-Cos 8) ( ote — 0.000$45) (a) 
Fo b= 1/2, Eg) yaetly 
= p( 2.101 — 0.000 SUS’) (| 


(cont.) 


En mazemune trey Myers , r= "= bOmm, 


Then, EE) polly 


Stele reniag PORE P Faw = 845? He] CO 


Foy rapimum Compreaene Diet, = o> 160 mm. Thor 
Ep") a¢cetha 
= - 0.000282 PPM J=-282P IN| 
(Seu compress be J " 
Fn @= IT, Eg 0) yells 


Gp = PC %8E- 0.00102) (F 


Fr amapimums Hin atiet r= 1, =) mm, 2, Gp (A) yitlle 


(Ge)otny tensim 0.00169 Piss 1690 P (4 (F) 
FI Anegemr Comperessent Mitek, F=h,> 80mm, arg 


(Se inex Compreatins = 0 -200563 PRG e}=s037 i) (r) 
(C) For A amayemeunne Mrrrdh head ATrers off 34 0MPA and 
A dafety faclr of 2:2, St ® guth AA rrexcmumnc alhorff, 
Aor P= TUS AN. 
ng Hhe abort reel to thoze of- Example 7.ub, 
fiw affects thy abicen Gy vn tle henge wr 
Worwseyer, it hres nat affect Mh mayriminr Iocukp 
and Comp reading A rtedsy oF 6 =. 


A = 10 (yo) = 400 mm® 


Am= {0 In $2 = (0.986 mm 


Chgg == SE SE(PYR+ 380). 4-eAm] 


Alg[RAm -A] 
2 hI5P , Las plizo){4oo - 20(lo. 9%)] _ 
130* 40g | Yeo (co)[vo(o.mee)-4¥aoT = OIC T#P 
P= 34597 N= 3.958 KN 


126 | Am = /0 In = 


439 = 115° , 195 pCl2oy 400-15 12.999) _ 5 jge¢p 
YOO one) 35(12.993)/- 400 
P= R174 N= 3,174 B50 } J 


re = 12.973 mm 


A= TBO2 = 1963 mm* 5 R=20425> 150m 
Am =2n[- [R2-B*] =er[ys-yys? a5" ]=47269g¢ mm 


Po _ PREA= teAm] 
A Arg [Ram ~ A] 


- . £0,000 20,000 (ys) (1963-20 (47. 648)] ¥ (/; 


Op95 = - 


1763 1763 (20) [45(41,648)- 1963] 
=- 13f,0 MPa 


28 | 4. SEE (g0-¥5) = 612.5 mm © 


re 3 (25 +/0) = 60.00 mn 
Am = = LED). fy 8 In 82. — 25+ 10= 10.480 ™ | _ 
[s0=-t 4+ vteo)(6l2.5- ¥5(00.48)] | s/s. 


612,45 6125( 45) (6000. 48)-6 12.5] | 
= 0.02045 P ——— Om m 


p= 7335N = 71335 kN | 


; 
A,=15(30)= 950 mm; 
Am) = 30 In 32 = /6. 788 mm 


Re 20+ = 275 min 


sent EIB) = 353, ¥3 mm* R= 204522 250 mm 


Ame = 2005! (50-/'50* 152 )- 7 235mm 
A=A,+Ap= ¥50 + 353 43 = 503,43 mM * Am = Am +Ame=/6, 789t7 238 224 023mm 
| R.A, +242 _ 275 (450) + solace 4 3) 
R= a = S0R43 =37.¥0 mm 
1000 My (4-3 Am) _ 1000 My [803,43 -20(24.023)) = 0.215 Me ($2) 
x 


“eee =" Ary(@Am -A) * 802 (ZO S7HACLOR OT 


1000 Mx [803.43 -65(24023) ] 
Ueec = 803.436 BYVO(24027)-83. 43] = 201928 My (M10, ((Pa) 


RIO | 2,= 65 +3) = 7 mm 5 C,-a rare [8lmm 


rem 3I om 
A, = “ES (95) = 7012.50 mm * 


2 
94 [ 20102) + 637 + 191 [/02 +2062] 
3 (ob+ 65) 2/35,[S mm 


Wes mm 
- 1020 (Bl ee |n F102 +63 = 53.6/56 mm | DE: 


3= 94,663 mm 5 A3= 149,337 mm, 6=0,7328 rad | 


102 n/ 


Fy = 


A, =U 9669107928) - EE? sin 2(0.7828)= 564.14 mm® 


. 4(Y4. ss sin3078eg —__ 
R, 199,931 + sc ae 26)- sin 20, 1824)] * {96.27 m 


Am 2 2(1443 sHioated elves) 0.7828 -1NV19%337 — Y¥ 663° 


2 2 
~ YY, In 66634199. 337 COs 0.7828 
+ evi¥i 337 44663" 5 “tf 3374 49V 663 COS OTRaG =F OFM 


A, - LEVY. 2483.43 mm R, = %- HBL - 32.84 mm 


mix 02+ (a6 - Vie 317) ~ 22 fre? 31 sin "ZL 2 30.2838 am 


A= 7012,50+ 56914 t 2Y8393 =/0,060.] mm Am SZEISGLZOL IL + IO.2999 = 86.929 min 
86, 
R= saci pec cat les.il mm 
_ 100,000, 100,000 (125,11) [1%060.|- 65(86, 729) _ 
Seep = 70,0601 * 10,960. 1 (65) [12S 11(86.92Y —/2; C6017 Dua 
= 492,000 Boar (25, cease 929) 2 


Q= 28.00 + 13.792 41.79 mm 
C= 4449.62 = 9,4! mm r 


. { 
A, = 720er 1076 (49 42) = 126% 3 mm® | 
| 


oa ¥9 62mm 
Poy 


Q,- 4/79 [2(40.00) + 10.96] + 91,4/[90.00+2(10.%)] Y0.00 mm 

2 3(¥0,00410.9 6 

= 6/39 mm 

40.00(71 41) ~ 10.96 (44,74 9), 
Ams = ( tee5 (24) [n EAE ~ 40,00 410.9% = BLY mm 
6, = 0.5647 rac ; Q, = 82.7% mm 5 6, = 10.24 mm 
2 é 

As = 10.24°(0.5647)- 20 sin 2(0,5647) = 1.8 mm? 


a ae 
Ry= 9276+ ¥(10.24) $100,504? 7 ~ 92.05 mm 


3[2 (0.5647) - Sin 2(0.56#?) 


Ams = 2(82.76)(0. 5642) - 2(10.24) sin 0.56¢7 -1)/82,16*-l0.e4° 
Fe 2 21-1 10.24 + 82.76 COS 0.5647 
. Wane ; 
a 76 -/0.24° SIN $2.1 1OEY COs OSEHT =0,/28 mm 


6,=1.2072 rad, @,=4¥¢940 mm 5 b, = 2.40 mm 


eg, 
A, 7 21.90'(. 2072) Ae SID 2C1. 2072) = 400.6 mm é 
3 
-4%y¥q — —YlEl 40) gyn 2072 _ a, ng 
"1 Bf 2) 2072)- 519 2(/ 2072) ] 36,04 Inn 
Am) = 2(44, Y0)(| 2072) + 2(21,40) sin L2072 - a1 /49.40 ~ 2140" 


2 2 on! eLVO~-4¥9-4D COs 12072 
—C2Vf4499 ~2/ 90° gin 9 SEIT en 
4 4490 -2/.40 Cos 1.2072 [1,éel mm 
A = 12643 41684 4006 = (676.7 mm? 


| Am> 214 40./28 + 11,22! = 32,760 mm 


— 12643161 89) + 8092.05, , OF 
p = )+ UEC 92.05) + 400.6 (BE D -gc ay 


. /676,7 
_ 20,000 10,000 (sKaxNI6 76,7 ~ 28 (32.760)] 


Oc - 24,000 - 
66B~ 76767 * 16%, (28) [55.71 32.760)-[676 71 * 192.0 MF 


Choc ~ FA800.4 34,000 S594) (166,7- PHBE.760)) 16.7 Mh 


SC ~ 1676.7 * 1676.7 91559902760 ~ 1676.77] ~ 


Re EU Le 13S 75.0 mm 


~ 60135)» 135 pn ~ 

Am = “go” lh Fe -~60 > 78.875 min 
_ Y0s,000 , ¥0,006(195) [2700-45 (38,379) ] _ 

{se B= ~ 2700 * 2700(49 [S(e8TS)- 27007 = 2978 (7a 


40,000 (/95)[2700- 1358.87]. _ 2 39.1 MPa 


Ieec 2: A = 
270007335) L7§(38. 675) -2 700 ] 


C ~ 2760 
N= -200 sin 45°= -14/,. 9k”, M2 -2047°%,.95*) = ~ 2/2/32 K-mm 


A2§0(500)=25 000 mm®, R= 750 mm 5 py 2 50-Lxy (25a) = 4.65 Par 


FRom Ee (9.1): 
@erz= 560° mn 


Goo = (4.4 _ 212, 132(25,000 - §00(34.65)] 6. 2 LILY, B12, (32 [25,000-/000(34%65)] 


26,000 25 000(500)[750(3%.65) -25, 000] 60° 25,000 25,200(s044 (950(3425)-25000] 


@ LP >/0CO mr 


Joe = -9:00566 - 9./3/90 ~O.0O566 + 0.08292 


=- KN yo 
Woe = -°./376'G72 = 1376MRe oe = 0.07726 re = FARES 


From Evanph 9.1, hy dimontimd of Ay feam 
Ors ahrumar Figs. A ond’ b. 


=, 
of +/ gle" B 


™ r 


1oomm =} / | Somm 
30mm [30MM Le 50 ma | 
Figure a Figure b 


bug Eee. 7.13) aud. 19) aud Feg. a, wet Lay 


i 
am = AP Afm—-—A Am 
rr "A tr trA(RAm- 4) M 


@) 


Whug eg Fag. b, Ef4 (9.20) aud Epengle 1-1 


r r 
A's {soap = 50(r- 30) Lum] 1Am= [50% = 504 x cmn} 
30 30 30 


P= SOxS0=2500 mm, Am = 50 = 49.6415 mm (b) 


R= 30ta25= Ssmm, t=50 mm 
P-9500N, Ma Pliss) =!¥72-S% [o> N- mn 
By Ego.) and (b), wé rblinn 


_ 3 
= Solt-30) a6 , [2500(S0dns5) — Solr-30) (44.0418) ]x 1472.54 10 
~ LE + Ces SE renee 

br" 28500 Sor 5o(2s00) V] $5(44. 0415) - L500] 


Jy 
1 


Op =~ (461Gb — FONTS 5 7463.916 Lap () 
r r 


Oy. 
Fr r=30mm, O,, ~ 0, bud por r=80mm, gm Ly +0- Mas 


Maula, because of thy asnaitiivily of thy cabetallora viarebying Am: 


Con t. 


Or Try % Ae eeaetly yore at r= 30mm ad 
Y= 20mm, A must fe cated With mire grat 


i Ep ©, he anagemum volust of Opp +4 Adleimuned) 


Ay Me con hitaea 


d Op, AllO7 7S THLZ.GNL 
werr ° — (469. 7463.916 
r2 An } ee 


dr r2 =0 


Lar we 3.82797, V2 US.7b7 mm (4) 


By E90. ©) and W), 
(Gr) = 1a7S mPa af FX US.4F mm 
amen 


We, dnrtiitahion of Tp 08.0 pranclion ofr 24 thousn ain 
Fig.C aul 24 Dht A. 


Yr Emm] 


Table A 


[203s nohen|so| eo [ro 
Fr] 0 [ashen nah ale o | 


By Fig 4 aud Uphle 9.2, wt ford 
A= 4(60)(90) = 2700 mm* 
R=4st£(70) = 75 mm (A) 

Ant $0Cus+90) J, 135 3S b)= 38.37SImn 


135-45 


By Fig. a aud Eya-(7.20), we ‘im Ye 
4 a: aA GA. 0 P 60mm (P 
obtain for i 75 mm (then t=40mm) 120 mm —>| 1 


— 
A's fan= [ [‘ [CBee t0hlp= 1500 mm? 


c 


_ [oa (b) | 
shaft [ Coeyescras Figure a 


Henee, he Eqs (A), b), G18), and 4.14), Wwe Dene 


=APy AAm — A'Am 


tr trA(RA,- A) 


(L208 fig 000 2700(25. 97431) —1500(38.87S 1) 
Cpr = 440, 00D 
Z700) +0 75) ¢ " 4ol79)(a700)[15(38.975) -2700] - as)) 


NM] 


ry 


Orr = 60.19 M i7a 


By Prob. 7-4, 


A =903-43 mm ~, hy =~ A24-O23 mm, R=374Omm 


_ z 
hia A, =450 mm” , t= lomm , r= 35mm 


A, Am, = (6-768 mm 


A _A'Ren 
ERA MH Uy) = Enon 


= 100 [G03 .43)(h 794) - 4Solay-b2Z)] 


10 (35)(303.43[37.yo(24-023) -903.43] 


- 0.100ZMx [MPay 


217 
ec. . 
A, =180(60) = 10, 800 mm; R = 10+30= 100 mm 


Am = 180 In = 11.427 mm 
hy-40(t0)-10,800 90 *) Re= 130470 = 220mm 


Am2=60 Ine’ 20 = 2.142 mm - 


A= 10,800 +10,800 = 21,600 mn* 
Aim = IL427+ 52.142 = 163.564 mm 


10, 800 (100) + 10,800 (220) _ 
ae eee ae 
R- 2,200 160.0 mm 


P ¥60PTA-pAm] 
@)Oeeg= Y= Fat SF ar rea ay 


f So% 
320 ~ —¥P_ , 4(¥60F) [21,600 ~ ~7FO(163. c2] - 0.002887 P 


2), fot Li, 600(70) [160(/63.569- 21, 660! ~ 
P=110.8 KN 


() Als Ay = 10,800 mm*, Am = Am) = UL ¥27 mm 


or, = 1i0,800(v60 feysoo( 421)-10 20083569) yy ae 
~ 607130)(2) 600) [60162 309) 24 620 = fe Hla 


(C) Yes 


te 240mm 


rt 
130 mnl(/A (20mm 

a 
4 bédmm 


718 2 ae ear 


Be 157 
rt ~ Y¥F(10) =O.5 T b,3/5 mm 
YOmm Jomo 


From Table 9.3, a=0879 and B=1.238 [ Za 
by = & by = 0.878(/5)= 13.2 mn 
A, = [io+ e(ize)(ia)= 364 mm® 
R= 4O#S = YS mm 


Am > 36.4 In 28 - 8122 mm 
te s000) 500 mm 


Rp 240+ (0+ 25275 mim 


140 


Amz =10 I[n- SB = 6.93) mm 


AzA,tAz= 3649 +5002 8bY mm* 
Am = Amit Amz = §.122 46.97) = IS OS3 mM 


p= fiAtRede - G64) Ts (500). 62.4 mm 


%: My (4 - Am) | a. coogoater-wtscorzl) = 251.6 MPa 


Akg (FAm-A) ~ 864(4¥0) [62 9(/50$3) - 864] ~ 


2,500, 000[864-/00(15.053)] __ ay, 4 yp 
. a 


~ 864 doo) [62,4( 15-053) ~ 864] ~ 


G56 = 2,500, 000 (864-45 (6, OSPS _ =1593 MPa 


GEU(YSE2 4S. OF g)- BLE 
Oxa(max)=-BGo—=-1977.3 MA 


Omay ~Omi? a 
nd - mae min - 256-CA7) 224.5 Px 


| 99 |; 0 correc ted Cross section. 
Al A, = 364 mn* 
Am: Am, = 8.122 mm 


My (AAm-A'Am) _ 2, 500,000 [864 (8.122) - HOY(IS.057)] 


Trp > CrA(KAm -A) ~ 1050) (864 (62905. 053)-8077 18,2 MPa 


| 920 |For area A, gra Mies hada 


be ie? x 

—— a ee ° B= 7 : * 

FEW = Bary 2 OS; 150.932; 820.95 i a 
/ 

by; = bee = 0.932 (le) =l,2mm oN 


bo . 72 
For area #3, FEF Fay 2085 (We corre cHén) 
A, = [la+edie)}04) = 481.6 mm* 


R,=22+7= 2G mm 


Ami 3 [2+ 2c a] ln 3S =/6.794/ mM 
Ag = 32(l2)= 38y mm = 

Re: 36416 = 52 mm 

Ana:l2 In i. 1632 mm 

Az = 26@)- 208 mm = 

ae >~O9t4¥ = "12 min 

Am3 = 26 InfZ = 2,892 mm | 
Az A, +he +g = 486 + 384+ 208 = 1073.6 mm” 

Am: Am +AmetAmg = 16.99) £2632 + 2892 = 27.465 mm 


_ RA + Redat Rog _ 29( 1616+ SEGBD + 120208) _ yc 
ree A 7 1073.6 Here 


_P , (5I+R)PLA-tgAml _ 12,000 , 96.5¢(12,000) (0736-22 (27. 169)] | 
Og =a ty g[RAm -A] 1076 1073.6 (22) ¥s5¢(27 ¥65)-10TIb] eee 


on = 1900, 76.56 (12, ooo) lo776 - 6(27¥65)] 
= a ee 
¢ 1074.6 "7073.6 (76)145.56(22 Hes) 0726 | 678 MPa 


Use 


A'<A,= Y8l.6 mm® 


7. corrected cross section. 


Am 2 Am) 2/6.9¥/ mm 


Or Ln [A Am -A'Am] _ %56(12,000)[ 10 73.6(16.941) - ¥816 (27,¥65)] = 697 fa 
“tr AlRAm -A] 12 (36)(10726) [95:56 (22.65) - 10726] oe 


| dence My aud N are tena Mlancorthy, 


dU= FM. Ode + ENG, Rdo (a) 


Where Wnxtba nedeult due ts both Wy aubN. Thue, 
by ER- G0), 


- A Mx _ N (b) 
= EL ew 7 | 
Aho, by Eg .G.3), with F=R, 
R Ep = RypW-RYW (<) 


Men, with E g0-@9) ond(b), we write Ef-(6) at 
| Zon LM OR Ay R 
Roe Eee E ner +E4 (4) 
Ao, by. FR. @,), aud K), 
dV =f He[ fate ake Nie Rhy A —E fy My pire Ay + AR]? do 
=f Am Me Ly 4 tM (- ese 


EA(RA mA) % EA 


=f EE Lathy MN? do 


2 AERbm-A) 


Am My (as 
= fhe ae de @) 
with ah, addition of Ate aban ede 
Eg-€) 1 the aeme ac FR. 31). 


A 


Am=390 In % = 32.958 mm 


=60(30)=/800 mm°> R= 30430260 mm 


My [1800 ~30(32, 959)] 


= = 2 Seo ooo = 0.0000 
Omax= ¥ = 420 1800(30)[6032.958)-(00] 0.08 i 
My, = 496 KN.m 
At angle 6, M=Me +PR(I-cos €)+ QR sin @ Wie, 
HY 60mm > 
-LY 2 fT AmMe OM yg ~ 31 G2.158)(4,260, 000) 2.012) vad 
OM.” | RE(RAm-A) amy 2 (1800) (200, 000)[60(32.959)- -i806] 
a WB An My 2.958(4,960, 00660) - 
JG= aq | natin my) Gd  7900(200, COO)E0(32.958)— ~/g00] = O1SY mm 
x, (4, 960, 000K 
Ame 72.95 (4, 960, 00060) BT 2-0. 977 
IP= SP $b aR AE (RAn ~A) Spa ~ /800(200 7, 000) [6 032.958) ee “lf a ainm 


° _ 
24 | A=1963 mm* , "Ami 764 nny R=45 mm 


am 
M=-FPR sin 6 sos -R 51D @ 
N=-Psne Gh = -sin 6 
Vr-P¢6o@ ge — COS G 


dp=2 


T 
Am MoM NW kV W 
p laatitty # ap 43+ [ih Hroe-| 3 yee 


O- 
O- 


_ 2(¥0,000)(120)? , 28. srs losood [i203 mt 2 (l20(1Ho4 nig + vo,ocolssht 
~ 200, 000(1, 215, 000)(3) 2700 (200,000)[75 (38, 8759)-2 700 2700 (£00, 000){2) 


Sp = 0.18% +1,2029+0,0087 + 0.0686 +0.0338 =[ SOY mm 


T 1 


47,642 (20, 00095 217 20,0009 _, _13(20,000)(95) 
~j 76 3(72, 200s (470 TW 72, 000( 196 a 27, 100(196 3)(2) 


=- b 
T= 26? ~ 


seve 


=h 215,000 mm 7 


A=2700 mm 9 


* Am 38.895; R= 75am , 


120 mm M= Pz N=0 Y= P 


1 M=P(l20+Rs76) N=PsiQ@ YV=P Cos 6 
120 qt 


120 1 T 
Ani oft kV oy AV av 
ee 3 5p 42 + [fea fry he |B jb Rco 2 | shes Ga ap RI 


4 BUS) 40,0020) A 15(40,000 )(75)1T 


2700( 7%, 500) 2700 (77, S00)(2) 


A=€1,600 mm*) Am = 163.509 mm ~ R=/60'mm 
Au = 240(180-120)= 14, 400 mm 


M=P[300+ Rsin @)+QR sine ont 


aQ 


N =(P+Q)sinG gu = sino 


V=(P+Q) cos 6 Sb COS 6 
WT 


_[_ AmM__ of Nod i oe 
Sa:[efiBhiny Beee|Pe Be 40 Aya Re estan 9 
r 
_ 167,569( 126 coaK go\[30e2)+ “J 4. 126; 0001160) TT _ ms leo mm 
“102, 900(21, 62D) [160(163.569]- CL, 6%] — /02, 00021, 609A) 4 : 


126,900 (60) IT z.. 


*W2,S00(14, 400K a Seen 


SQ = 0.2786 + 0.01444 0.0517 = 0.7497mM 


-R sine 


1257 mm* 
R= 50+20=70 mm 


Am = 2t(10-V70*- 20°) = (8.534 mm 

Since 4 2 a - 2 2,752, 9.09.36 ) is valié. 
o» ER /- th) - — ZP/)_20est) 7. 

Mo=- 8B (- gies ~ “eet: 


The moment at section DF /s 


Mop = B+ Mo = 21 ¢2 R (N.ma) 


This moment meltiplred by SF will initiate 
yielding ar Dd, 


_ SE(Mor)A- tpAn| 1,75 (26.82 P) 1257-50(6.33Y)] 
= = Os = fe = 
p= i sseee ss roLRAm-A] ~ 1257(S0) [70014334 - 1257] G90 784i? 


P=66.33 KN 


pie 
Peis 
Sat 


M=Mo+@Ril-cos @) 54" R(i-cos 8 


Mos-@ cos 6 Ho --c0s 6 


JV 


VY=-@ gin @ 2 5G 


Yo Y% 
EP. — AmM_ off M ow N dM KV dV 
2 = 2Q +l exit “Ay da 2? fi a 9g [f won 5g Rae Ie 7g Rae 
ss As.59i(v0f 2.1860 00 - + e,0000) (a0 2) 2k 1318 (60, 000) - 60000070) zy} 
| @pP 200 Se 1257] 200, 00 (] 257} 


, 260, 000)f - F; , LbQ,00K7a)T 2b, 369,200)(r0) r 


(E00, 0091257) ” 2200, 20412594) * 277, SOONESDY) 
Op = 2.0278 -0,0027 + C003 £ + 0.013(+0.0¢440 = 2.08739 mm 


229 A = 300(200) = 60,000 mm** R=150+150 =300 mm 
Am = 200 In-228 = 219,72 mm 


3 “RE _ 300P 266,000) “|_|. | 
Mo = ({- faa)? 2 IS | '~sereeair - 69,08 P (W. me} 


Mor 8, Mo =- 6.92 P (N.mm) 


Uy = -., MolA-tgAm} 


2A Arg (RAm —4} 


4¥000,000 , é ig 08( 4,040 zoo)l6e 000 UE = poppe a 
- 786, 9204, 000 a0) La 000- palan ra) 196.4. 1 Bh 


7M, - @R(i- Cos 6)  =R(i-cos 6) 


N=Q Cos 6 Sh: cos @ 
/ = ees iB SIN 


UZ. 


Sp. Am M A df kV Wy 
a7 we [fist ay te [i [s ad dos tf 


$5 = LOM 200s f-63,08 (4,000, 000) (E -1)+ 424 ge0 HONE -2) ary ano, pool-63.0¢+ 220 ()-2 
_ 72, 060 (60, 000)[300 (219. 72) ~60,200 | , ena gE 20,000} 


4,000, 000(%0)(- +) gee, c00(#O0)T . LC ¥, 000, 00)800) IT 
+ "78,000 (60; aa) ” 72, 000(60,000)(4) * & 2, 100(60, 0004) 


| &p = 26519 -O.0572+ 0.0596 + 0.2192 + 6.3694= 8.74/9 mm 


2 = 28.27 mm =, R<4+3= 7mm) [= 
Am =em(7-J7*-3*) =4.e44 mm 335 ~% £2 e1K7 2 


~ ane _ _P 
Otol Me Mo aM = ar) 
ay. _?P 
OtoF Ms Note cos 6) Fm* Nz > cos 6 
We 
Am/1 MM 
Og¢=0 o-/ a ay + (iat 2 Mg a6 -[f OMe e 
MeL , 7_ PRI, PRY PR 
* aD Moa -—a ts) 2EA 
Mo (10) ¥244 Mot TmP IP\_ _ Pp __ £ 
O° t3Ge + EBT aes) ET] | . ) £(28.27) é 
Mp = 0.7045 P 
MpF = Mo- 5F 2.7955 P 
05 =Vr Mor lA-hAm) 


~ Arp (RAm ~A) 


~ £56(28.21(Y) W424) -28,27] | L2e kN 


2.7955[28.27- V4, 244) f 
232) Fo= VY b(h-~~Ybx = Yb (h-2%) 
M=¥b(h-(F-“S)+vbx(4-4) 
= x(h-x) = BD = Yb D(h-2%) 


2 
_ 430(10(4O)_ 
= ¥30(ID4O) - 129 2, 


“ 
Pa = 14.33 KN 


fe) 
pe - 14.33 . 
~ 6.05 2.37 


A= = Ac = /00(20)= 2000 mn ® 


The distance between centroids of Ar and Ae ts 60mm. 


Mp = 60Ay ¥ = 60(2006)(260) = 33.6 kKN.m 


NG) Be Eee.0'3) aud C10. 15), 


=- 2B. Yy=-£ Dos Q) 
ence, hy spoclion aa FO) with Fig.a, 
P= -+ < Oxcasa) ~ Be Baz i) 
Vy= + & Dyata) _B dee ©) 
PRSIE 
(b) it IF I= [Pe] = Paw) 
and aide of Eg lp) y 
ys Daca apcolpe Figure a 
b= PRE [fae aa | a) 


Lan, het S20 and PS—>M, - Mew, by eg. d); 


le obtanis - bom 7 {Ge [ een)” Fat]. Mo 


Mee lie 


1 ber Ega. beste (7) 


G = Mel ¢,, €ZO0O 


Leruiluby , by bp. &) , uot obtbia 


Vy =~ Mee Aye 5 #20 


By E9e-@) and (0-17), 
b= # - MEd Caz = Mee?c,, 


he haan Vy 44 gunen Limelarly by Egg) ef 
Ex amybhe 10-3, with Efe. (0.1) and (10.17), 


Smetarhy 
dE sz 


sé =O (e7Oan “Lun hz) = = ee 4* av7Az -AC iad aS 


d Gee = fe F* (Gepe-4ingz) = 8 Can 


JC 
SS = 4, Le Pleope-ditpey] =~ 22048, Aa = -32Ds2 


“Be . 
(e°”“Gepe) =-fe~?* (ape tevae) = —f Aes 


10-4 | Dg Ege (10 [2 aun Q(10. 1D, wih EG -(10-S), 


2 
on sh tg tee 8 Oxhy=- Foe 
Semalocly hig Efe. Card (I-14), with eg. (/017) 


M, =~ EI, de = Ely fe d Bes i(k “Vp 62) () 


ol Mx = gp Caz 
and by Epa.(0. 15) ord), wath ER (l0-17), 
_ dM 
Y=Ggt = Z i 242 =F (-mug.)--L£Dse 


165 By Eg (0.172), 


J hex . = 24d Boo 
J2> > £4 sz) Oe = 76 Cpe 


Z% _d _ C _~ 2. 
J” Gos = (462) =p dose 24* Daz 


Ze 


ifn .d G_(-3f Das)= -%o der = 16? hoe 
d 22 


J’ De - =¢ $(-AAe2) = ~p thas = 2A" Bee 
dz 


Pisces. of derict blfvantialin of Eft Wd. ies. 


(a = YH 7 = 0.000698 mm? 
4 & Ly 4 (200, 000}(36, 109, 000) 


10.6 
) 


PS 170, 000 (0, 000698) - 942 mmm’ Mmay2 tn 222.000 =£0.9 kN.m 


Imax = 3% 2¢7) 7B ~¥(0,000698) 


, ; - 8.48 ~ 5,04 
Percentage /ncrease in Ya =(00 <7 et 68.3 
Percentage increase IN Mmay = 100 BEBE = 13.9 
72.7 | K = 76 ky = 76(0.270) = 20.52 N/mmé 
= - T 
Bz V——£2-52  ___ ~ Ogg sya, mm 5 [= ¥000 mm BF = 3/50 mp 


7(200; 000)(5, 120, 000) 
Mmay = ofp - Tena) = 10.03 kN.m 
Tray = CaeS = LOGI, IOOIS - soy y papa 


~ Ty 5,/ 20, 900 - 


12.8 | 
2¥ A SOE - ro] -/ 
P= 9072 coos 120,000) ~ 900193) mm 


Umax = 60,000 (0.00193!) _ 2 923 mm 


£020. $2) 


~ 60,000 | 
lImay = 770.0097) ~ Z77 ANM@ 


Gray = 2210,000635) - 9,3 pp, 


5,120,000 


[ = 2 (EE) Ase = 2(E8) Aw 
227 =% 
VoL = Bagh)» Bla 


IF 14 = 1c THEN 2 Ray, = /+ Rac 


2 6! (sma% + cos 3% ) = /+ we (sept coed) 


BY NUMERICAL STvpy, THE ROOTS ARE Lae AnD Bo = £9595 


J. LS 48s 25/3 Le seat SOLUTION 


(CONTVED ) 
b) IF Pel, &I=!, awd k=/, rxew a= 


ler 2,7 OIsTAarcE FROM LEFT LOAD To Po/nT Cz, 
Za = DISTANCE FROM RiGHr LOAD To Power @ 2B, 
- £ 
042<4%2: 22 B+z2 |, 2,5 B-2 


Zo : 2= Yot+Z , B22 2-% 


y (2) = ¥@)+ YC2) 
y (2) = Yel oP? (sen pz, + coe @2,) + 2 #725562, + cox @z,) | 


c) Deflection Plot, Problem 104 


Deflection, y 


—-4.0 -3.0 -—-2.0 ~-1.0 0.0 1.0 2.0 
Position, Bz 


B iz ger” 4 (200 000) 36, 9x10 


FOR A S‘WGLE LOAD, Y¥=O © Gz = 


IF WHEELS ARE SPACED © > Pz 5 


= 0.000 9299 mn 


Vg B= FF a 2839 may, 


B= 5.30 


Mma = Flt Cra] = 


YSO, pe C00 


o. 4IMIT WHEEL SPACIMG To 


EreraTva: (w THe TEXT, 


=Y Y (12, 400) (450, 090, 000) 
B 2, = 0.000 714 (1500) =(O7/ § 


¥% 520,000 (SO) _ 
Omay = = 


TRAIN RAIL SHOULD Oe 


7 7 


2 (5.80) 


177,200 (1-0. [38 3) _ 


“Wa.¢ 0007/4) 
= 14.8Y MB 


L 2 =/S00+ 55 = $004 = 37 


2(0.000 7/4) 


S= 2.5m <22. 


ZO00DTIY am 


THE MeMEwT oF (FRB OF 
D= 36.9*/0% my y,%, 


leu |, = 2200300" - ¥ 50,099,000 mm, p= S9PCSBED— jy72 KN 


k = 200 kp = 200(0.024) = 5.80 N/mm* 


~/ 


Agz = 0.465) , Cpe, = -0.1363 


Y 0007/4) (140,465) 
nie = Fe [1+ Aga] _ 147,200(0.0007/9)() wee eT 


= 4952 kdLm 


= 8/00 in/fa 


-F§/Om 


THEN THE TRACK LIFTS UP 


Let Q be the load ih one of the rods of length L. 


Qi. @. 4 AE _ 108)"(200,000) _ 
kee sa a 
Ks A: £760 - 40.7 N/mm * 


Of S| RES ee i i tty MO 
2-1, *\/G(E0G, cent, a0G bag) 7001 NET mm’, P= 500 < yy = 536 mE 


_ FF _ 60,000(0.001¥67) _ 7 fe 
may =PK > ee 1 08) MP , Qmax = KYmay= 20, 360(108|) = 22.92 KN 


Tine (rod) = SRS = 2202 = B65 14 Pa 


Mmax = 7% = [0.00 /MeT) * 10.22 KM. 


Oo: _ fimyv© _ 0,220,000(76) _ 
max(beam) = ——F- = “11, 806, 200 


2706 SP. 


CALL a a 2500 (#) 800( 4) 
re alae, 7 az.) Q [ashen 200)” 7(e)*( 72, ao 0.0000928Q (mn) 


Os eee Lees K_ 10,780 . 
Kes = 59000428 1978 N/m ; k= va ors caked PEE N/mm * 


20 i a 9-596 ee m 
PON Ei G6 00 Ba LI 2:50 <a 627 mm 


- 60,000(0.00 1251) . 
dimay = a Eel Se) 174 mm 5 Ona = KYmay = 10,290 (179) = 18.77 AN 


may _ 18,770C4) _ 


pea ee ~ rae = 737 (1a 
Mra Leet. 
pete [1,900,000 — $2.8 MG 


lody |} [= 2660)" Yo, 90g, 000 mm 


K= Ko(contact area) = 0,330 (100)(60) = 1780 N/mm 


hier 480 
K 2p Bob ae N/mm * 


- ¥ 3.30 = Sey zr - 
fe Vay pe GO0)(4¥0,000, 000 =O0,00113 6 Imm 5 P2800 <ze= 692 mM 5 yes 


Mmax = Trax bx Ex 10.0 TE OR = 0 (40,000,000) = /b, 000, 000 = SF 2 


18 
p- 1b, 000, 000(4)(0,00 1136) _ 29.08 KN. 


chee) 
_ PB _ 23090(0.00 1136) — - 97 mm 
may * Pk heen =. < /) aaa 5, Of mt 


Mayymam pressure = Ymy Ko = 50/ (0. 330) = 1652 Fe. 


2 Fy=0=2N sin 30°-Q | QeN 
T - HS". 596, 800 mm” 
x 


dU NL! OW 20L" @ 
{a= O@ ? AE OQ” AE K 


AE _ m(2) “(g00,000) _ 
= eu” ¥(2( Ceo) 78.54 Nirm 


_ KK. TB SY _ 
K = 07 500° 0.0877 Ninm® 


= VK = YG. - 0.0007 / 
PB YEL, ~ 4 (200,000) (306, $00) = 9,000 272 inm 


QAssume beam fails tite tf. 
Tnx’ 300(306, $00) P 
Oma - = VY SF ) max = “Bio (25) = 1,8 4/, 000 MMM = Yb 
p- (0.000 melerycoe)=548 KN 5; Assame Wire fejls first. 


2 
. / Tv - 
Tnay == 5F ES N=Q = SU = 1885 N 
P, 0,000772 , 
Ymay = $5 - PO een 0.00 4422P) @: Kymay = 78.54 (0.00% 22 P)= 0. 3Y73 P 
TAis 1s Allowable load 
ves 


rare la EE Ran} ap = gH 79,70 mm? 
Yon 


z 
_ _{[M aM _ aR? _ aR _ a 
9G = [ET 0a 4? * ~ Ear Ma ‘ode Z2E, Ly) ~ K 
_ 26 Ty _ 2(200,000)(37,760) _ _ 
Ke Re Tr (gaps 8S Mmm 
- KC. 1875. mo’ 14g" 
Ki-G-* FFG = 3407 N from * ) ae i> - UO-125,700 mm" 


- 0,370 - 
B= fy 200, 060)[125,700) © 709177 mm” 


Mavimum stress jn beam. 


P_ 3000 D 
Mmax = ug O00 ISH 7 796, 7? ND” 


Tinay = Pinan’ - SSRI. 979 Hh 


Maximamn stress in Curved beams. 


Ymar * Pe PARODIED « 5 ¢7/ mm, Q= KYmax = 1825 (S97) = 1/20 N 


O,, 2 GRO - Mea, jy20(s00) 
may “A” Ty, ~ 7069 3%, 760 


M=OR 517 6 


= 123.3 MPa 


4@ = YSEIy, KO? K= ve F000 = 9533 N/min 


~ KH. Zz 
9 oe oe 


Ve A A+ 
a ) 7356; 7 (200, 000)(2%, 000, 0b} ~ 9-000 928 mm”; ; £>600 ‘ge = 846 nm 


~-~P ~_ 90,000 = py es kim 
[n long hoa Mmax 4B ~ 4/0,000928) anes a 


Mmar © 24, 250, COOOL S) 

: ~ —- Oost 

Omay = = 24, 000; 060 = 102.6 Mra 

0.000 928 

Yay = = £8 - = aac0ploseoe2s). 9370, G=K4max = 8533(2.937) = 29.06 AN 

In CLOSS beams, Minay = GE = 220600800) . 19,50 AN.™ 

_ Mmay ©’ (8,800, 000 (i015) 
Imax © Ti 2 Bg 000, 060 = 79.5 [1a 


~ 28 dy | 202,007 = 67.59 A/mm 


TR? T Goo}> 
_K. 6250 | 2 
K = o 2 EeG 791227 N/m 


yf 0.227 -/, _ 
p= 4 (200, 000) (12.5, Y(Z00, 000) (12.5, 700) ~ =0.0010S| mm y $F 550< 7 = 747 fin 


Maximum: stress tn beam 


M -P 3006 ~ Oo , 
max OB 4(0,0010$1) ~ = 713,600 Nmm 


Mmay © _ 7/3,600(20) 


Omay = —po~ = BR 780 = 35 MPa 


Maximum stress in curved beams. 


0.00/05] ~ 
| Ymar = $2 - 300010. 00/059 - 12.85 m3 Q: KYmay = 6250 (2.95) = 86.9 N 


_Q , ORE _ 8672Y , 862.4 (300)(IS) _ 
Umax = A-* "Ty, = 7069 * 34,760 = 224 Mle 


so yf «de e@e 
P v 912, 000)(24, 000,006, Pea e4, 000,000) 0.001198 mm, £: 600< ay aia 


- 90,000 
Tn long beam, Mmay = GB - Woo0ts) 218.79 KN. 
ton 


Minay € 780,000 
Omax = i = 90200 = 724 [1fa ; In cross beams 


P, 90,000 (0. 0O1T8) _ 
Ymay = ps. wai Bap = 9.791 MM, Oz K Ymay = 8533(3.791) = ICIS KN 


Ci ay 
May = Se: 223502008) - ay 26 Wm 5 Opay 2 Pree! C. £i260, 070 (015) 2) - 102.6 MP 
x/ } Or 


SoLavtion 4S PRESEVXTED Fore Two QFE IEAT PIETHODS 3: 


A) SPECIALIZE THE GEWERGL SOL“T/E7), Ee. (/0-7), Fol2 THE 
APPROPRIATE BovwDaqry COMD/TionS 3 SEE SEc. /0.2. 


B) ARPRLY THE MomEWT AS #4 COUPLE OFF Tig FORCES 
AND ASE SUPE RPOS/Tion. 
METHebD A: 
Awtis¥YMMnETRY CONDITIONS REGUIRE THAT: 
2) OfFLECTION AT THE LOAD PomwT /S ZERO. 


b) HALE OF THE AR PLIED (hoMmENT /S RESISTED O89 THE 


ELAST(C FOUNDATION CNDER YALF OF THE BEAT) 
FoR WHICH RBZO. 


FBO OF LOADED SEGMEen, 
Me 


m ( 


Zz 
| & 


FCO, oF RIGAT ALF OF BEAM 


7 


—-G2 

GENERAL SoLution [ee(10.7) |: y (2) ras Co Sinf2rCy, cas (22) 

COND Tiew 2): C2=6,Y=O => o=2 (Cysn%0 + Cy <e20) 

-p2 
2, Cy =O AND ¥(2)= Cz Sin GE 

o> 

CON D/ TION 4): Fer Equ/eiBsrRiam = [=O =} My + | g2e2 =O 
fe] 

~ -p2. 
Mog = - ji k2C, ef SinB2 Le. 


USE (NTEGRATION OY PARTS, TABLES, OR SOFTWARE Svcy AS Oerive 
AYO /TATHCAD TO EVALHATE THE /PTEGRAL. 


/ 2 
"V2 = -kCy(ag2) DP C= ee 

° = -/% > -f* . —- -/%, ° 

os ¥ (2) ae 2. smBz = 1 Boz 3 


3 ~F fle 


wee * 3s Opa; 


Whe _ IM, 
oe) =27e 7 EE ee. 


(cont.) 


Metron &: 


Cons ipeR Two Lonns FFL As Sewn: 


DEFLECTions OVE To P a PE ARE, RESPECTHIVEL y, er 
Eq(/o. (2): -PB -P3 
¥,- 2k » > Bk Sacer s) e 
TOTAL Of FLEC T/OM, BY SUPER POSITIE7 /s ye SE [ Aacers) - Age | 


Age 


2 
Liskuise, FRom Eq. (10.13), (40.19), £10.15) : oz “PSL Bacane) - Baa | 


Me = op [Cacera) - Caz | 
Vr= Ve [Og (2+5) - Dez | 


Let dDPO nwo PIT, Tew FoR 220 AVO FROM THE OL FMT ICON OF 
A OfFRIVATIVE As A AtreiTi 

Ling (35)CG] Agcars) - Age | _ 
ye) = G5, SO) Meter) “Neel. 


c7>Ss 2k 


Lim -(P3) @° Bacers) - a = 
OQ) = S20 Ik do 


Lim (Po) | Ce(are) “S92 ] : 
M2) = 530 C2 | oO 


V, (2) = I7O 2 


By Ef (0-23) Hy heam da placemed under a 
y= ap (2-6 cepa ~€ “Pra ph) (A) 
Aries ts Hh Lptaf post h aoe db 


H bon (tee 9. 10.7), eF4, 6 


Ege.(/0-2), (0.26), and(to. i da dvce aul boo 
b,-70, Min? Oy and Vi 0. 


agen (hg a). By Fig a, 


WCHdz 


: is = Ay -~we) (@) | 
on (b) M, Gi ba) MoM 
Y 
But hg Ee. in WD, 
M=-6T,3t hyd 
* de® Figvre & 


Hence, Ay Exe. &),(b} lO. 


gM DM - 61,55, = hy -WC2) 
ee 


EE Ty ¢ uh l thy = Ww (z ) 


Te Resin oud lark oy alr Fig a, Cag, 


Onac, = RY, (412) = 15 N/mm (a) 
By Ey .(lo-23) | 
é r ( Afz yon 
4 8) lt-C Masao sny) . 
OL Aente y= 60 N/mm ang ; Qa b * 
a-b=£ (fig), tne hy, (4/2) 


Figure @ 


pl 
4,(4)= 2(i-€"* esa 
“Norrcee, by EG. @) aud (b), £23, = 60(1-6 Pe apd Jel 


ert tri pd = 975 (C) 


Kh, Arbation of Ep -(C) <2 


pd = 0.28767 d) 
Then, Ay & .(I0.5), 
_ Wa (e 
B= Vier. 


Auhetdading pC) ciby EEC) and anProrg forT x, wre 
otic 


6.24 Refer ty Fig. of Problem [0-23 wrth Fa = 7/8. 


WE 2 RYU) = wr(1- 0 * raph), 


eth cored = 0.375" (4) 


Cont) 


(£4) =0.03353 @) 


Z=0,b=L 
Men, with E=200 GPL, 
Ix = Box 10 °mm*, and pea | ‘ 
Aa = 30 N/mm Wwe frid) L 

, Fi gvre a 


b= VA ~ p.cgubm-'  (b) 
Hbesfors bg Epa. Q) ane (hb), 
fa=b, Ab=32.37¢4 Ce 
Un, Beg Heh I0.1, v2ith Heh, aud ER. ©), (0.24) 
aud (Jo. 31), 


= Wo. 
4, = apk 


My = 0. 26278 (1 + 0.1312 + 6.31776 +0) = 6.3808 mm 


Wy 


7 Gee- Cag — 2B L Dog +444) 


M,=- 2.9731x10°( | + 0-002838-0.3052) = 2.07% AN- mM 


Referens He Proklen 10.28, we Lene 


L =umMm, E= 2006P6, T, = 30x10 ° mm? 


Ze 
Wy = 20 N/mm, aud A= 3-0 N/um® @) 
Nene, 
ay -4 ny ~! 
IK - GEly = 5. 74+6x Id Yn (b> 
Fn poord B, Fig. a, 
Aa=L = 400 mm, b=0O (c) 
Cy Epa. b) end (c), 
Ba=2-3784, Bb=D (d) 


Then, be "Lahb. 16.1, fo. d), (10.2), aud (0.32), lh B= H, 
Op =~ $B tr Daa~ Day ~ BL hab +344) 


rw 
Gg = —9-005125(—0.068-1 + 0.00675 + 4.7568) = -b.001S55 rad 
_ We ' 
Vo = az jr (Goa Gop HAL’ Coy - 244) 
rL 


Viz = 3535. 58(0.0641, - 0 -0-31205 — ¥-7569)= —17-6F AN 


Refermrerg To Bre é 10:25, wrk Rane 
L =4mM, E= A00 G170., Ty, = px 10" mmf, 
Wp= 20 N/mm, and k= 3.0 N/mm 


B= Vis = 5.¢4box lo * mn (a) 
For tort C CFig-a), unde Ae ceritirid f the book, 


= 21! = 2666.7 mm, b = 1333.3 mm (hb) 
B42 1.59561, Bb= 0.79278 (c) 
Men, Ay Table f9. (, EGa©, (031), and(o.32) wilt, H=C, 


- — Wo _ / 
Mc = gaa pr (Moa Ae ~ 284 Boy) 


Wente, 


2 
Me =-2.973} x10" (0.26196 — 0.63943 —1.S3312) = 5-959 AN. 
~ Wo} ‘ 
Ve = Fer pr (Daa—Ben* A4 Coy — 240) 
"1 


Yi = 3535.58 (0.2048 -0. 3223 ~0-01250—3.1712)=—I-67TAN 


1028} = (000mm; B= 0.001496 mm"; k= 20.52 N/mm 
4 


. _ 60,000 | 
ME = a S 7/000 - 60.0 N/mm 


BL = 0.001446 (1000) = 1, 496 < TT 


The maximum deflection and maximum flexure stress OCCuUr 


at the center of L. 
$2 = Bb = 0.001496 (S00)= 0.198 5 Dya= 0.34703 Bya= 0.3219 


Ymay = = (I- Dae.) = Ses (1-0.3470) = 409 mm 


60,0(03219) _ 
Mmay = an Bea = Seg age = 435 kN.m 


Mmay© _ 4 315, 0000635) 
Op - ee 2 A eee = /9 2. 
may ~ Ty 5120, 000 97.5 “Fa 


10.04) B=0,001136 mm; gl’= 0.001136 (3000) =3,408 >T 
The maximum bending moment occurs outside the distributed 


load at @ location for which Bass aperoximately equa | to 


| 
77 , /. . . 
| fr=z; fo=farBl= 41735 Bye = 0.3224; Byb:-O0.0127 
4, 
| Gnae =< SF meee Trae ue ays Mmay = YO(¥0, 000,000) _ = 8.00 KN.m. 


240(100) 
_ Ww - _ a l0.3224-(-0,012T)] _ 
May = (0, Bob) =~ 4 (0.00 1/36) =~ 64,920 
AV” -8,000, O00 - 123.2 N/mm 


~ 2 720 
y= (She ef (cos par sin Be) d2 


= 5% (Ose - Opa) 
b 
fy = “(8 eh (Cos fz “sin Bede 


=~ ie (Bsa - Bes) 


k = 20,52 Nimm*; f= 0.001496 mm? 
2P8 _ 2(60,000)(0.00 14%) - / 
= 20.52 = 875 77 


Yas = 
The maximum moment occurs Where Vy=0 or where (pa =O, 
In Ta ble /0./ 7, Ga=O Where past, Bga =0.3224 


75 7OeTRO * = 525 nm 


.. P Bra ._ 60,0000 5224) _ 
eo a OOTese 7 S73 ~KN.m 


Mina © 12,930 000(635) _ 
-~ eee = 120,000 ~ Oa 
B=0,001467 mm"; K=20,360 Mmm y k= 40.7 Yom 

In order to determine the maximam stress In the rads, it 


is necessary to determine the deflection of the beam at Lf 
trom lead P at the end of beam. 


fC 0,001467(500) _ 
oS = 0,3668, Dey, = 0.6470 


° PAD 14,0000. cose _ 
Yend red) = ee = Zt d = 1,866 mm 


Q = Wend wks | 866(20, 360) = 35,000 N 


Tinay (rod) 2-2 = 28:920 = 149.3 MPa 


T (18) © 
P Be acmax) — _ 40,000 (0. 3224) 
a -~ 
May = 7 B= Doggy S79 KNvm 


Mmap® . 8 79/4 COA) _ 
Oma (Lean) =7 = - //, 000, 000 - 60.7 MF 7 Me 


_ | 
J, = 28% = (0, 000 rm? ; 


4 "7 
-|/—-—- = Y 3,00 - 7. ~ 


Omay = - - ge CL - 700 Looe Q) _ 70.0 MFa 


k= IS ky =15(0.200) =2.00 Nam? 


10, 000 


, 2 
ef oql0.005488), | _ 2(0.005 188) (oo 700, 
y= oO Da- 26 Ht Gp2= 2OONO FOE Dy, 202 eo z G2 251 Dps - [9b by 


By trial ancl error Ymay occurs at Az =0/0 approximately. 


Z = aposyge 2/82 773 Dyz= 0.7003 | Csz = 0.8100 


Ymay = ©. 96/(0, 7003) ~ | ¥06(0, 6100) = 167 mm 


140-0 MPa; B= 0.005498 mm! 


om — 
Wf = A. Sbl D,z-2-812 Caz5 By tia denror, Frage Ot alt 
.~ 6.379 . . _ 7 
=157 mon, = 0.2672; C.F - 9-05-28, 


[22 0-875. Thence, z = Dea 
of b frwhick 


Hence, A max = A Sb (0.2672) — 2-812 (-0.0529) = 6.833 mM. 


10.35] Sy Prphln 10-33, dlorinne Ah, valu 

Hire hope af A <4 geno (Fig. a} k#-b —P 

Bag thy gene dade, wir Problem 19.3%, ; 
Figure @ 


P=700 N, M,=Pb=700b N-mm, R=15 hp 
= _ 4 
150.200) = 3.0N/mm> and f= Vere =0.00S4-6¢ mm-! 
9 


Tun, beg Ef (00-37) and Abt |0-I, with, pe =o, 


g=—2Pe yg 4 4B mM 
A k Ye + IL M4 0, 
” fr p20 akape at 


= ~2.008 x) © P + 2.2035%10 ‘PL 


‘ b= 71. am 


Note Lak Hho arias off b 4a Abd fr any Lond P. 


K = 2 -O.200 N/mm © 
k 


atk 8 V 0.200 - BOT mm! p- Ir. 
48 Lx VY (200, 000)(2, 540, ga) = 0907007 ma 5 L500 < Gy = 42] mem 


p 
! M _ 
| Omay 2 AES 2 SSLOLOONED — pyr 1 MPa 5 Mo =-1750(3500) =-b,1e5 KN 


x Ty x o 5°30, 000 > 
_2 2E6 D = £G5000. 200 560 2) Dy. _ 2(0.000560T) Cb, 125, 000) 
7° pee 2 (Ba 


= 19,625 >. +19.256 Coz 
The origin for the 2-axls (6 (796 mm from load F The maximam 


| 
| Compression OCCUrs in the First SPRING for which #=2S0 mm and 
| B= 0.000 S607(250) = 0. 1402 (Dy, =O. 8607; yy = 0.7396). By tel and 


! Crror the ma x) PTA Tension OCCUES At ZB2FESC [AM, 
Be = 0.000 5607(32 502) = | 8223 (yz = 0.0402; Cg.5-9. 196?) 
Yom p= 19.625 (0, 8601) +]9. 256 (0.7396)= 51,13 ; Compression = 100(7LI9) = 31) KN 


Gren sjon 717 625-0 O2)+ 19.256 (0, [2boj}=~ 4,577 ; Tensioh = (00(4.975] = YSTIN 


- fA OO ECO 
7 V Fe, 000) (2,550, 000) 000) (2,530, 006) =O.C0O7TL38 5 L500 Be: 2/085 Inm 


- 2GS0O/(9.000 72 18) p, _ 200.000 7238) % 6,125 m C 
0,200 0.200 Be 


= 25.333 Don + 5208 F Coa 


| comp = ©5353 (0. 8601)+72,088(0,73%)= 42.33 mm , Compression = (do(42.33) = ¥,23 KN 
| By teia@/ and error the maximum tensron occurs at 

{ 

t 


Gy = 0.1804) 


Z= 2750 mm. 9220,0007238 (2150) = 1.9905 (Dg, *-0.0556, 


Y tension = ES. 373(-O, OS Sb) 4. 32. OFF CO. /§04) =~7/96 Mn 


Tension = 100 (7.1%) = 719.6 N : Crag 141.1 MPa as iw Problem [0.36 


() By Ep (0-19) aub thy dale Gren o Probl, 10.36, 
We fod 
= LGC. = 0.200 N/mm? (a) 


B 0S =e = — 
t Efe G ) ada), (3 HETx = iim oS, be) = 6.000S607 mm 
‘Hentz, hy Eg. “(1b -20), 


IT ._ 7 — [uo > p-~ 
4B ~ woooasgoy = '*O1™™ =f =s00 mm Tnfoe 


) By Ey-(0-7) 


4K = oF? (Gani pe + Cy Gvpz), 220 (b) 

Uesepac qt =ABCPUC, Aeufpe-G Gapz) (c) 
ak 3s 

Sys 7 APP *LCs (orp tanipa G (Gapa—Luype)] QD 


Egualimg (<) @), aud (©) pel wih E¥ f0.s), 


= 26P 
k 


G20, G=se 
Wen, beg Epo. (b) (L), cudh((0-1) 
f= BEE Gro pe = 26 Dp 
Why frmettion Cox ovo mot ert. Ace ales Ego. (0. 3y) 
Gu (10-36), 


10.39} 8 =0.001¥96 mm; f4 =0.001496 (1000) =1.496 5 K= 20,52 N/mm® 
Apga=9.2402; Baa*0.2234, Ga=0.2066; Dga=0.0/68 


F ; 
.* 55 (Age + 2 Oza Dg(ara) + Cpa Gary ]} Ymay OCCUrS at 220, 


, 2 2 
Yaa £0,000 WON pons 2(0.0168) + (0.2066) | = 2.282 mm 


My = ale 2 ga Beare) “pe Ages] Mmay occurs at B20 


_ 60,000 _ a _# J . a 
{may Pawar kaed 2 (0.016 80.2234) (-0,2066)(0.2 406) ] 2/095 Kum 


Mmay ¢ 63, 
She. 2 nt _ 10,4950, 000 C 35) sae¢ MPa 


yay 20, COO 
B=0.001996 mm; a= 0.001996 (SC0)=0.748; K220.52 N/mm® 
Aga = 9.668 


3 - 
Y= i [Aga i 2 Dye. Dglarz) + C pa a Ymay OcCurS QT $=-a. 


_ 


Jima = AGERE. OO NE) 0. 6 84 + 2 (0.34 70\(.0000)+ 0.025 (1. 0000] = 3.036 mm 
My = i [Coe 26 Dea Balara)~ Spe Ayares; Mmax OCCU ig at 2-0. 


_ 60,000 - - -7Z 
Mmay = Foon iqrye 0 2 (0.3470)(0. 3219) -0,0251(0,6689)] = 7.62 kKMm 


Minay ¢ 7,620, 006 (63,5) 
r _ 4620, - 
Ona = T,~ 5,120,000 eee Le 
fe 


3 K= 20,360 N/mm; K= 40.7 N/am® 
a= 2.001467 (750) = 1/003 ; Aga 0.9474 5 Bya* 0.246? 5 Cra = 0.957 | Dyq = O15 08 


f= 0.001967 mm™ 


i rele + 20a Ys(asz) + Ga Geers) J; Ymay Ours at #=0. 
0,000 (0.001467) 


&. 2 
Ynax = AO a [0000 + 2{G1S0%) + C0459) f= Lht57 mm 
Omay = Kymay = 20,360,153) > 2446 kN 


3, 484) 
Oma x (rod) © a = Le 72.3 Mo 


My = oe [p22 Opa. Bplara) ~ Cro Aotare) |; Mmax Occurs At 720, 


_ .. 64,000 _ ss _ 
Muay = GadoTdea [too0a - 2 (0.150802 67) - -ansyladi7t)] = 9.98 Kher 


_ Mmae © _ 4990, 000076) _ 
Onay a i ol = 14,000,000 - 68.95 fe 


[to42 | B= 0.00147 mm", K=23 360 Nimm; k240.7 Nam? 


£4 = 0.00] 46¢7(250) =0.3668; Aga=09957; Bea=0.298/; Cpa=0.3789; Dg 26970 


_ PB . 
g = 5 [Aga+ 2 Da Doras) Cpa Clara dj Gmay OCCURS At Z2-A. 


Ymar =/08i [a SIS] +2(0,W 700048) + 0. 3999 lao] = 2,798 21m 5 Ist rod 13 at #=0 
2 25 
Ama Crag) = [081 [1.0000 +2 (0.6470) + 0.7987 f= 2.15% mm 


Qmay = K Ymaxrod) = C0, 760(2.159) = 4294 kN 


MQ YZERYOCY. 
Tina (red) = PSY = ALCO. 110.7 11h 
p 
My = oy [Gee - 2 Opa Bajare) + Ga Agere); By trial and error Mmay 
= r / = ‘ = 
occurs at £=- 650mm egproximately. Be 0.9536 , plats) {3203 


Cpe =-9.0911 Bogie) 9.2587, Agrarz) = 9.325) 


~ _60,900 _ 
| Mmay = Ze borga ILO OF ~ 2(0.6470)(0.2587) -a.s969(asesi)]=~ 5.678 kN, m 


Mmay © _ 5, 678, COOC76)_ 
Omar (beam) = ~ — _ VA, /, 000, 200 I72 Mf 


| 0.243 | 3 
i |-7C “ 
= af KK = 0.000968 mm 
la VEL, ~ / ¥en ;0X 5 075000) " 


- £2 p 

4° 2 Ose, + aK (Apie * 2 Dea 2(a+ 2) + Ga Sern]; 4 max OCUTS at the 
Free end for which #20 and 2,=-@=-2500 mm, fa=2200 
Aga>-0,0019; Dsas-0.0667; Gar -O1e55 


2 £(6 0,000 0.000 76 8) ooo) + LA CNOCOFENT 9 sorgra ce 266 ])(,oae)- 0. iess(leee] 


~-129/- 0.86 =!1205 mm at free end 


__£ P ; 
My = B Yy2* 9a Gee, 2 Dee Bare, GaAgare; By trial and error 
may eclurs at the location for which 2,=775 in and = 1 725mm 
fi 20.1502 and yz 793220, f8e=/.6698 and Cpe, = ~0.2057 
BOe8) OF and Byarz)= 9.3220, Ayays) 20.6676 


80,000 [pn oneg_o/, - . 
(0.3220) + aioe [-0.2089-2(-0.0867\03220) (OES Yaber6)] =-28.25 kl 


Mrar€ _ 28,250, 000 (6? - 
Tray = —p~ = we M42 Mf at 715mm from free_end, 


80,00 
May * -O, Oboaee 


k = 12% (0. 300) = 38.7 N/mm? 


— K - ¢ 330) oe CO -/ 
p Ver, ~ VY (290,900) (95, 360, OCC) = 0,003 94 mm 


BL 2 O0OOS4Y (3000) = 2.532 


FR (Cosh brs pl +2]_ 270 000 0.200844) 6329-0, 82042 
- TA [O05 BL FOS HE FE | ~ 270, 00000 HOPE TIO. 2C7- 0. BEETS | - 7, 
Ymay 2k SIMA BLES {A BL COB, 6250 +0. 573 3.240 MM 


10.45 | = 38.7 Ninm * 2.000844 mn fils 2532 
For JoL= 2.0 Ymay = 493 £2 Mma = 108 
For Ll: 3.0 Ymay = 4.00 Fe Mnay =122 


Using @ [linear Interpolatian for BL=2,532 
PI _ ¥.20(270,000)(0,000 64) _ 93 
Ymay = 420 FB = REM LEI mm 


| - Po. LIS(270, 000) _ | 
| Mmay = 1/5 9g - 460.000 644) ~ VL 97 aN.m 


Hinge 1, 910,do0li52 5) 
Cay = May Fl, 970, 00001525 =/Y22M4fa 


LT, 45 300, 000 


| /O.46 | 
# p : (0) 


_“ 


Q 
EA ~ 200,000(1) 


2 0.0060 mn 


_ 2. €&h_ 20,0000) _ 2 
K > 40 5 ger ~Geaje = 798 N/mm 


_ 4BU-V2) _ 4/3 (1-029) _| 
B= are = eayye = e877 7m 
_ e@ku . 26500)(0.0060) _ 
| a = “B= ~G 2879 = 20.89 N/mm 


_~@Y __ 20.84% _ 
Mmay = oR = Fo earg ~ 18/2 Minn 


/4, Cc 0.5001 
Tay = SEE = HEME EOE 106.6 IP 


(t 


The average Pressure p, between ring arid cylinder 


Is given by the relation p= 228 « 00(20) 


The load per Api leng th around The cylinder applied by 


YOO [Tha 


tAe ring 15 206. This load 15 aeplhed to the cylinder by 
two line loads u-=< £38 - £00400) - “ud N/mm. 


k- Eh, cy! - 72,000 (5) - L464 N/m © 


agg) YISe 
yee v2) _ [30-0,339%) _ : 7 
5s = 0.02570 inm 
p= wey) hey) 495 Ye ‘ 


Under center /ine of ring Z=/Omm and pe= 0.0 €S570(16)= 0, 2570 
Ag2 = O.F 9435 Cez = 0.557 
Yyor2NO, 5517) 


M max = CG = Y Goes TE) * 427.3 M.mm 


ess © Y299(2sMe) 
Jea¢max| * ~ — = jisy3 E/OR0 Me (Ten 5160 on (aside) 


umay =~ HE (ey) = 40 (0.02 50.944 3)_ 0.6608 = 2 bos 


a! 469). 
0, aoe Ope 33 (1D) 


- ¥ = 72.000 
Eee 2- CHEE -- 0,00 1335 = fee = [22 = 73 900 ~ Fe,000 


Jee =- 0.001335 + 0000472) 22,000 =-62,| Mf 


av = 60 Nimm, B= 0.02570 mm; K=1,969 Nimm<) fez0 


- 800.0000) ~ 999 3 men 


Mmay = 55 Cpz ~ ¥(0,02570) ~ 
Oze(max) < Pinas € er 221869 Mf (Tension on iastde) 
-_ 80(0,02S 701.0000) _ 
u max $2 aye ar Fae) ~O.69IF mM = 4 Egg 
0.699F _ Tee Vv _ Ge _— 033(189) 
Eee =- GFF == 0.00 1414 =~ ee = 75795 72,000 


(ee =F0.0014/4 + 0,006 856) (72,000) = ~W0.2 Ml 


p 


Ty 38U-VI _ yf31-0.222) ppnrapy mpl £3. 3 56 
Mo ath* ~V (e000)*/70)4 O00 HOY mm”, 2° UB “Yeooron) 5°79" 


Cylinder Sohere 
O98 (ey /)= fs : = <ORe - 200 p (MA) elses) 2 Se = /00p, (12) 
Tezccyl) = ee. = 100 ,(/1) Ciaioh)~ 22 = 100P, (04%) 
U cy) <2 - Bg al OO -6,29(1000,)] U 50h = 2 bog * 2,005 ae ((00p, -0, e9(iwop) | 
=/,7/0 p, (ar) 2 O70 & fam 


Assume thar fhe dis placement & for 2€ro bending Meorment 


| 
{Ss midway berween ey | ancl he 


an ~k / ~ 
u- 2 Sph _ _ 47 a OMPP: - 0 soap, (mm) 


k 200,000 (10) 


~ £4 =—agoon > 0.500 N/mm 
, (0, 
k= 0.500 p, - £X8: een PSPOB LOSI) 15 45 5 (N/mm) 


k J ~ 2(0,007/24) 
Mrray codes at f2e £. Bg 2 0.9224 Dys = O,3224 
B Le 
Y= a Dog = Z LTB AG 20s enn / =0,/61 p, (mm) From Eq (re. 36) 


= ~_ 13.730, 00.3221) __ yeg.ep, (i.mm) From Ee( 10.38 
Mmay . [ig 2. ~ 0.009 10¢ CC eC » 


| 
| 
Ceaoondig) ae = - 486.2252) | 29.210, (NP) (Tension on jnside) 
| 
| 
| 


U)(1e)3 
Oz. > Cateyy + Tkatonar ) 2100p, +2920, > 124.22, (MPa) 
| The actual diiplacement of the cylinder at the location 
where 03,2 /27.2 p, is egua/ tO fol se 


Une f—-we + _ 
~ Sey/ 7% 49 - L7/0ep eee 16 1pr _ = Fee Vv 


Ube o 000 é#sf200,008)10,29(188 a 17%.6P, (Fa) 
; Omar ~Omin . 
At this location lnax = Tnax Orin . Goo Ter. 
At location in cq linder away from Janctron, 
06 - Op 200 rR . — 
. Gee Ter . 200p-C Pl = 100.5 p, (Mfa} 


Cmax > 


; 87.8 _ y 
Ratro ae = 9.87 


1468,-CB)_ 
es S18 p 


Nl, E=200 GPa, y=0.27, @=lomm, 
b= 50mm, ~ = 360MPa, ard Pp =0. By Eg.U.25) Ay 


Arabia) Nap lactmsnd Ad a frcnclin of F +4 


[G-Pp are Plath] = 0.000044375 14. 0- 2o15EAs @) 


U = ar 


Ak thy rner aurfece, y=16 mm and Ee. @) yuith 


Uu = 0.0206 mm 


V=lO mm 
a4 Hh, owe durfece , r= 56 mm and &9.. 0) ~yielhe 


Ur=somm = 000625 mm 

Oy en 1.2, E= 72 GPA, V=0.33, a= 100 mm, 
b= 400 mm ware MPo., and f, =. Lb. prrcincypal Mitedes 

As yew by Eps ff.20), CU-21), adW22). Fr f= 0 and 

r= b= 400mm, Uses pecghiina pre 


2u0)”  _ 
R0p*—- 100% = 40 MP6 & 


an = 10 MPa 
2, by &g1.@) aud (2.39), 
Tn og = 4 Grayn Onin )= 4 (20-0) = {0 MPa (b) 
Bg EGU-24), with P= P=0 and r=b=noomm, thy rcreace 
—P= =b= ; AM 
_ ~ap A b(2- sy 60)°/400)(2 - 0.33) 
Ad = 2Urs, =46; E(b-@ = 90 1;000(400*- 100%) 


dha — 
4d = 0.135 mm 


@ with p =o, Epo. U-20) ab (UA) redecs 


ar(r® bi) arb) 
al r-(b- 4) J 1 r( Yb ae an} (4) 


or. FRA lomm, ER. : = = 
F mm, Ege a) will oth = 200 MPL, A=100mm, 
evi b= 206mm, 


Grp = —A00 MPA, gy = 333.3 MPO (6) 


Senmilarly frr r=ISO mm, 


=— SL &SMPA, Thy = 165.18 MPA (c) 


Ory 


Auk for r= 200mm , 


T= 0, Tp = 133-3MPe ) 


() By Epe-(b), €), ard), we rmay alot 05, aud Gp (lg 6), 


Figure & 


Le Bag & ga (20) -GI-22), Wath a =100mm, b= LSdmm, 
f, = 80-0mMpa, ark f= 0, We Dave sk ~2arzloomm, 
2 


2 og Tb go WHIP ory 
Tre = fh ror cae =~ 80 MPR, O56 = fpr aim 80 5 oe ige ls Mh 
im =f ar = 3D loo _= (S. 2MPa 
22 74) prAge ~ 9° asp io? 
ILS] By th, formes of Problem Itt, w mur tafudlale Way Marae 
° ] 
[Table 11.8) *F “7 


Table Pil-S—- Stresses in MPa 


Trr ||-80-0 [-us.7 [-2721 [-is9 |-96 [-36 | 0 | 

[toe [ios |e | se | 3 [34.0 | 3H [0S 
pend Nb aud ib, we 4yre az loomm, 

b=250mm, P = $0.0 MPA, f,=0, E= 200 CPA, aud) Y=0-24, 

By &g¢-(-24), he Nethial bas placemat Ug aud Uy ot v2a. and) 


r= b, respective ly, Gre 


_ Idd a" 2, (1.20 60)(25t) 30-0646 mn 
Uy = 200,000 (25 1069 ()-0.58)($0)C100) + © J ” 


b = 25° ____ fi_-0.s9)(¢0) (100) + (1: 29) (80) 00) 
200,000(2Sp= 100") 
By Eg .W-15), wath P= AT=0, He Ayan tipine <4 


— U-aWhar— o.wr (80) 100)” 
= = = eee =. 0000 
ze E(b~a>) 200,000 (2.50% 100%) 0: 000032 


ars 
Mee, Wag Bengation of a hongth L=im= jooomm 24 
C= 1000 Es2 = 0.0324 mm 
Hence, Lhy frnek Reimers art 
A* = 100.06u6 mm, br=2so.032bmm, L= 1600, 032 mm 
; Ego 21) end(IJ-22), With @=10 mm, b= 20mm, P= 100 MPa 
ud Penn Mea, ale P20, We tran ab hs az Drm | 


=f q*- AM ath” (»_ 1v0(10%)-40(20>), 20 Chep-uo)_ 
"oo Denar” Papah, th): F30%-10% = 600 


i 
z 
Too ~ Fa trb — (pol 16%)~ 40020"? = —2omera 
b?- a> 20*— lo® 


2] = 0:0326 mm 


(Fig. a), at r= C, Aho Ane/tadn 
An Mae Arbiar ~4 E l/. 
ane ae FH U35), ll BR, faa “% 
Upee = Sh cb VY) (@) 
Solely for the nner cgbintr CFig. b) atr=c, Me deertnae 
Ae nadia At, Ay FG.WrS), wil p= 
@ug b=C, D, f= R=, 
Urig = os oe -¥) ) 


Aberrng Ege. a) aud(b) 8 pete ES we 
ch [2qtena 
(b~e%(c%a7) 


- £8 [pee a b-eyle =< 


2c*C(b-a 


Bap the Acalt of Crrblom I audi with F= 200 GPa, 


Ga = 100mm,C= 200 mm, b= 300 mm, and) S/e = 0.001, u* have 


f _es b- 2) ah. 240/000 an) Gov 200 e100) = 4b.375nPe. (a) 


c 2c*(h~ar 2 (200)* 300-100) 


En Ahe Cnner eytindr , A=loommers20omm=C, with 
9, =0, aud Pp =p, wt Have bey Ep Wri 


Ge =~ 6 Sulit H) 


Mone, hg Ege. &) and(b), wt fork 


(bh) 


Fot pras ]©0 my ) Cap =-/25 MP4, 
For P= 1SOmm , Top = — Gb. 25 mPa 


Fr Ab, outa cylinder , C= 200 my ere 300 mm =b 
Wilh f= f aud  =0, We have by Eg. (l- 2), 
2 he 
Or = f; (I + pe © 


Then, bg Efe @) aud ©), we Vlsor 


Fou r= 250 mm, Ope = 91.5 MPK 


Frnr= b=300 mm, Top = 75 MP4 


By Fig. @, QA=100 mm, C=1Somm aud b = 200 mm. 
The, by th, Ardulf pron ain roblem U8, with S=0. 125mm, 


ES [b-VCXaD], re000(a.s2s)I(zo0% 150M isp™ 100°] _ go9 
fi, = rere 186 (ew be rare ©) 


ak v=c=isomm. Fri dy Fb: Z0mm 
AYALA cyhinder, wth, f=d F- C= 150mm 

Oud) = £2 wk find by “em 
Eg. (Ul.20), 


(rf eal i) 


Then, Bg Eps @) avd), 
fr *=C=1Somm, 


u z 
(8) =~— 4722 0sd_ &; + WEE) <_asazMre @) 
06 twnerdy]. (S0*—1009 Iso 


Figvre OW 


Fn th, ote; eplinde,, with P= tub P=0, wis fail by 
Eg .(i-r1) 


R _ 2 zu 
Ca hotereyl™ is Geez (1+ 4.) (d) 


Har hy E fH. (4) arch ), for r=C= Sd mm, 


K _ e) 
(G, eter cy), = 4-72 MPR (E 


f= 200 MPa of r=az-loomm x2 peer by 
phe f) 
ely = fh 2 (14 dh c 
(Cont.) 


With r=c =1somm, ER i) piety 


(%, ‘)p = 185.2 MPa (3) 
Hence, th Ld aba, of ralSomm 22: 


C,. _ 
Gs ) sey ort = Cre\rvw ey/* Ge), = = 159.9 MPa 


Fn Abe out <ylruds by ye.) and (g) 


Gore) » ster er Cy]. = Ge} 


outer cy/. 
Lj L et a= yomm, b=(20mmM , C= 60 mm, Auk J, TF be Athy 


Aveidud) bie of Fa. Let av becthe 
tin nadke rec 260mm. Then Werth FE 1-21), 6 = 160 MPA 


hunk p = =0, {n 0% Ree 


Bay 2 GR, pp 12reho” oR 
ee 130 mPa. = = +f Boat Tyg + 160 = Go + 200 


(Cont) 


+ Cro) = A199 Mpa 


14.44 MPA. Then, * Ey. ii. 25) 5) tesalaSrng 3], 
tu. -p) fic™ ++) ~ b*]- aa Fete —(I- Pcl P a] 


av = TRS) 
— 6.0323 ¢+0-036¥ = 0-067] mum 


Hewes, Ary ortaite Diameles rf Ley tamer cxphun dar . 
diamely = 2(C tar) =2(60-0671) = 120.138 mm 


| 


.{2 
Opeia) “Tere - 
Tay = eee). = Toor “Tred 


p*+a® 2c? _, acrab | pc? a?-aec* 
> b2- ae 7 PB c2-ae -(-8) - p c*(b" ~ary + P; bce CP) age ag -CB,) 
2 2 4 2 2 2 2 2 Zz 
120% 40 20?) Oe) japs6o wo 120 260") 
160 sae yee Ps gph age 702 +1602 160 roe7jape oe) UD? 90" +P. i292 492" 6° so coer +P, 


Ps = 3/491 MPa 


_ 391 | 
Arsz 0,069/ 7744 2 O.1/{34%¥ mm 


Diameter = 2060. 1134) = 120.227mm 


_J 120 %4 YO° _ 2 (60°) 
Cmax = + [160 1202-402 ALF Tea ype 


+160] =122,56 Mfe 


Co 


_ pn 120% ¥0% 260%) | 
CE(a) ~ 160 5 BY ere Or PSIE MPa 


120 €- ¥O% 607-402 — 


2 2 a 2 
=p ete = 60 2427-680 Nh 


J9e 802-202 


[fal . 
Jeela) = 96 (c) 


bra ace, atch) | bc® 
Pi beae scx ae =P capeae +P pe-c4 
0 £2 7,202 , a¢yo%! 202(407 +807) 90°+ 402 


807-202 "5 ¥o4-20° = 60 ¥0*(80 = 207) + Ps en2_age 
b, (2.6667+1.6667) =68.0-206 
p= 1108 MPa 


- pp 802420" 2040) _age 
Jee(a) = 60 Fae ape M08 aoe = 38.5 MPa 


are repay lene Cine, bY] -peSae Eli) eC) 24] 
= jay aao eo = FO tO(u os vo7)+ Zo 08) 604) exanaeatagy Fo-80loelt0')-! 2q(s1oa}eot)] 
=O.O1F3¥ mm 


Diameter = 2(40.01434) = 90.0287 nm 


A00%/0°(Gp000 ~ 10000) 


By Ep. Cll. 28), wi th Cy = (00 mm, C; = 100. 12SmmM, A=6, 
b= 300 mm, E= 200x107 Noy? > v= 0,3, We heave (oor aley Exenple (13 


100 _ 
———— | © 7](14000) + 1.3) 74000) __ [00.125 alo oo 
le Muon) 2) Ni donner Dliw olf 


tf. = $7.67 MPe . This pressure 
the outer cy binder and 


aft. 


= 0.125 mm . Therefore, 


_ 


[|S an internal pressure for 


an external pressure for the sh 
Thos. for the shalt, by eps. (W209), UY 

and (1.1), wath A= ©) b= (09.128, me 

F2 = 67.67 ME =f Cane Gy = “hz -~ 87.67 MPa, 

and om =O. Hence, the princl pal a tresses (ordered) 

0,2 = — 9767 Mra 


an gs 0, 
Fay He eylider, by EPrWe 29, (129) and (HS 
wrth A2=G =l00m™, b= 300 ma, P=fl, f=9, 
and = A2C= 100mm, Tn, =~ fy = —F767MP, 
Tag = 12S A = 09.59 MPA, and G,=9- TharsPre 
the. frencpeed sAidasee (rite) Gre 
= 0, qT; -~ 87.67 MPa. 


d= 109.57 MP, Om 


(a) The critical stress occurs at r=Q. 


; bs 2 é . Csa~C,. 2 
Orr=-Py Vee =P ee rae 7 may = “5 7 =(B 2) par 


(0) Part @) ts valid as long as Gee $Me OF -Tze > Grr 
ee ae po: LGA? . ated! P =1b(p,-e) 
Ope =~ Saree. Pg =p: P =1b*(p. -A) 
Tbh*(p,-p,) £ P 41 b*(p,-b,) 

From Froblem |.t6é with P= k 
Cmax = Cy = (RB, - Pe) —_ 


242 
b= HOSA, p, 


1B . “ra? , _ [e6+Grr at 


; b - 
Orr=-P 5 [ee = P, pena2j Grn =~ = & Brae 


_ 2 
Coct = $ {Gee - Tr) *+ Coe Gex)*+ (G2 - Ter) 
2 
= pea (b2+0% bia?) *; (6 42207) °4(a2+b* 22) 


_ pb" 
~ V3 (67-42) 


Mfalg | 
Py = SER =1.75(140) = 245 MPa 


2 
Cmay -t=p FP, 
b*y-a?¥ =p, be) 
2. a@y _ 40°00) _ 
b= Voor, = ra Seay = 8727 
b=934 mm 


Diameter r2b=- 2(93,4) = 186.8 mm 


2 
_2Y_ ye 
Coct (may) * 5 = eptey 


_ fatty. ay MLZ 7 
b= (gn, * VaneaB (evs) © 787 9” 
Dia meter: 2b 2: 2(73,9) = 142.8 MM, 
Yield ing is iniated at inner radius Where za. 


. _, beat, 90%60% _ 
Orr=-P =-30.0Mfa; Use =P pegs = 90 Tae = 107.1 Mla 


_ ae P  _,, 60° | 650,000 _ 
O22 “PF Bi Qet wELaZ = 30 552-602 * a(40%- 607) * 112.5 Ma 


At initiation of yreld ing the laads and hence the stresses 
are increased by the tactsar of safety SF. 


@)Tmay = 4: 5F Lax Vain 
-__ Y= __ 280 
F “Oma -Imin ~ 112.5-(-30,0) 7 1G6_ 
2 
(6) Coct(mar) = er z = (Ga ~Uiy)* (Cane) °+ (Sex-oo) * 
| YZ (280) | 


i SFo Jar 300s pcre ie 2.00 
| C197. 1+ 30.0) "+ (112.5 430.0)°+(Ne.5 -l0n|)© == 


ieee Use maximum principal stress theory of failure, 


_ Gi. - b°+a* 
Ou = 5F ee = SF BP pa 


2 
_ Ga bear 60 30715" | 
P; ~ SF perat ~ 2,00 70<4iF% ~ 22.0 Ma 


1.23 |i) Let a=SOmm, b=!50mm, and C= 75mm. Dae 40 internal 
pressure SF(p), the stresses at r=a and r=c are found ro be 


acd jenp2 : 
- 75 150 
Orr (a) =-SFh,=-1, 856, Orr(y = 185 F See =- 0.67% p, 


2 2 4 2 2 
(50°50 5075241507) _ L156 p 


Tog la) = 852 ipa -ppe = 25/3 P, Vee) =/,85p oe Use 502) 
Superimposed on the above stresses the shrinking pressure 


; R 
p, Causes residual Stresses Orr ayand Tey at r=a and Oyey 


(cont.) 


and eece at re=c. 


Continued 
Pressure p, is an external pressure for the janer cylinder. 


Re ae ae 
Tray =9 Onoqa) =~ Fs saa pea = - 5.400 P, 


Pressure p, IS an internal Pressure fer the outer cylinder. 


. R _» 1807475? | 
Orr) =-Bs Jeecc) = Ps Ts02-752 7 L6G7Ps 
The actual stresses at rz=a and f=C are 
Orr(a) = “hes p, Orr (¢) =~ 9.694 B, -P, 
Jeo (a) = 2.31) p, -3.600p, Osea) = 1.156 P +1667 p, 


The maximum shearing stress gield Condition states 


G - ae - J96(a) ~ Trra) _ Teacy-Urrce) —§ 4/03 P, ~ 2 60 Ds _ [.85P, + 2.6676 
cs cae 2 ~ 2 ~ 2 = Z 

Ps ne) P; . 

Y _ 700 _ ¥/63 0 -3600(0.3671P,) 

(cia 2 


p= 247.0 Mra; p = 9.3691 (2970) = F.2 MP 


A I Saga lantietis/+1ernelso VT exgraa petra Fomlueles?)-Le¢nelof 
a0 Diameter = 2(75.1459)= 1$0.272 mm 


Let a=5dmm, b:1S0mm, and Cz 75mm. Withoat rendual stresses 


[$0507 90X75 }1507) - 
Coste) = Bi sgegpe= he F, Dec) “Pi asHipe say = O65 F, 


The sArin king pressure p, Causes circumtren tial res:daal 


Stress Opsgy @t r=a and Upgc) @t F=C. Pressure B, Is an 


external pressure for the janer cylinder and an internal 
pressure for the outer cylinder, 
s 2(757) Fs SO IS 
| yea) oar, 75 2-508 =~ J 600 p, ogc) =i, pepe FECT Ps 
| The maximum principal stress criterion of farlare states 


Ore =U, =9970- LeSp-36p = 0.625 p, rh be7 Ps 5 fs 70.187 £, 
Y¥#0=1,25 p -2.6(0./1972) 
p= S895 Mes ps O.197 (S835) = OLS NA 


We25 


Po = 2ly In& = 2 Ine = 384, ehh 
1] .26 
(@) P = £2 = Bae: 129.9 Mf 
_p beat. ¥60 204% 
(Wp = Cp “oe =e “age = 1878 he 
_F _ 1873 _ 
SF = B= 739g = b 4S 
He27 Yi “00 Ye 600 
- l - - ° ea —_ 
Cy BF EITM Cy = BAe FEY Me 
Po = 2%, ng + 22 gin Z = 2(230.9) InZo 2 + 2(5%4) Ne = 6625 he 
42 ¥O YO 
ate =~ = 225 Pay P= 2(22GINgG = BULP Mla 7 Op he =2(225) (I- In 55] = 138.1 MPR 


b) Unload ng linearly from bo 2 Hv theoretical tesidual 


circumferential stress Cros 


Taecr = 159.) 5114 22s = — 3817 I Pa 


Tt ws assumed that the actual residual Circamterential 


stress 1s 50% of the theoretical. 
Ope" = 0.5 (~381.7) = (90.4 MPa 
©) For pressure Stl) wrth zero residual stresses, 


Adding these stresses 12 residual Stresses gives 
Orr = - 1.80 b, Cag = 5.000 p, ~170.4 


which can be substituted ints the maximum shearing 
sTFESS yreld cendit16n to obtain 


Orr =-180p, Gao > 1.20 p, 2205 - 30008 
~Or 00 —(-1 80 
Cmay = = - Gee O rr 2 3.000 p ~ L909 ( A) . p= (34S [Pa 
| Without the esha! stresses, the maximum Shearing 

| 


5 Tress yield con ci ten gives 


Ysd _ 3.000h,-(-hP 9p) , 


Cmay > 3" = 3 7 B= 28 Mh 


"9.000011 7 (200, 20o\20) i-ln 2 100° (ESO 2, 00") In 22 ]=— 2/2, 52 
- 
2(1-0,29 Ih #35 "Too 1407 (e50- 7002) 700 J~~ Eles7 TI@ 


Orr =0 5 a2 = Ogg + Or = -2/2.5 MA 


peal, sje = = -2.125 To (Nfa) 


-(-Z2125 7) . 
fa «se 02 a) Tp = 293 T 


=F f(0+2.125%) + (-2.125 To + 2.12 To) “+ 62.leT-0)° 


[1.31 
Cer = ~/00,0 Mfa 


b+a* 250% 1007 _ 
Jee =-2.125 19 +B peqe =~ 2.125(50) + 100 sxe 552 = 31.8 Mla 


Oz2 = ~2:2F Tate phga 22105150) + (00 gigs = =-$7.2/1P2 
be 32) For al ae and Ig = 70°C 
Orr =O 


ash fe 15 35715-4352) _ 
Joe = Yax= 2(1-0,35) In 43 [!- N35 55° (752-352) Ings 129.4 MFa 


(a) With internal pressure p, and Tgo=70T 
Orr =-P, 
Ube = -129.4 + p, PERE = “129,441,557 p, 
Ue2 =- 199.4 +0, oobi os 2 - 124.4 +0.278 0, 
zr ~Y. Omax ~ Emin ~ 240 VY+L S57, -(-p) . p 
Mmax- 2 - 2 “2 7 2 2 fi 
b)With external pressure p, and Ig7 70 
Orr =O 


= (44.5 MFa 


2 . 
Tag =~ 129.4~ 2Pe aed Gge = ~124.4- 2.557 Bp 


2 . 
Jae =~ 129.4 - Be apbigge = —VEEG-1278 Pe Cont 
| Cont.) 


1le32| Continued 


¥__ Umax-Tmin _ 2490 _ O-C129,4-2.55 The) . _ 
Cmay =3-= << 2 - 7 Be P, =43,2 MPa 


©) Wirth internal pressure p and 1570 


Orr =— 
Jogo -1.557 p, 
J2220.278 P 


Y _ Omar 9mn _ 2¥0 _ 1557R-CB)- 2 
Cmay = = Ge = SP So PS 139 MPs 


Wits external pressure Pe and 1520 


Orr =0 
Jag = - 2.557 pz 
Oz2 a= L278 p, . 
_ Y _ Gnar~%min _ 2¥0 . O-C2.S57hr) , - 
(may = = “3 = At Ba Pe = IBF (1 


By Eg UI SY), Lhe arrayemenn~ ate 4G, nr 


j-Vv 2 


Coole, = PPE HEE 


With A=(50 mm, b= 300mm, P= 72.00 g/m? E= 70 6Pa, 
V>O2S, aud GL =170 ura, = ge. @) pelle, 


(Goi To Mths 22S ao waa] AE 


SS6.85bW'= 10x10" 


BH) Mince Ahe wheal rs forded to the rigd) staat tuft 
at y=a aud wo foreee act of r=b, 


U=0 af r=a=loomm fa) 


Ty=0 of r=b=40omm (b) 


Buy E¢.-.4?), #8, gentrel aotilin for U 44, wilh T= 0, 
Lv" 


Ua 


SS prew+ ¢, re cs «) 


Ane a= 100 mm, b = bow mm, f= 2000 £4 /m? 
Ex 126Pa, P2032, Egs. @) aud (©) polf 


Cyt 100 Cp = 187x107" D> d) 
By Ee -(ll-ug), Ab, general aotHgn for Try 44 
t= =—I- (3M =P pra + (#06, - (20) (e) 
Fre r=b= 406 mm, pe.) and E) peelp 


C,- 3.2176 NCL=7. 52533x107 1p =) 
We. arbiter of Eps. Gaudi) 4 
C,= 7. 296u3x10 Ww, c,= 7 lora3x/0 


Then, by Epa.(i-49) , Cif-So), and (Z), wt ofan 


Orr = wo" (- $30,004" + [29.76 +0.6463/ r~2) 


-(] 


we  () 


"(490-00 r+ ta. 76 — OrbuE r~* 


il 


"be 


By Epa. B), the mepimune velar of Gp exdIrr arr 


(Co nt) 


= ($5.07 of r=a=loOmm 
(é) 


= 7317D ah r= 1766 mm 


(Fo6 may < Orr max 
Unerefrr 
(SF\Orlmey = Tu = 20 MPO (4) 
E pevichion (4) deternenes th, Mayme aMewehte 
Mibkint speed. Lo, By tt, post of Epa) aud 
EO (4), woth sb =2, Hy, albwrlh rvtclial tped 
At Ww = 232. 4y rab/s = 2220 rem 
The porn hang condbiliigna are 
uL= 0 at- r=a A) 
Typ =O ah rs b (b) 


By Gp U-4D, wath T=0d, the general aotitin fort 4 
ui CoP ri + Gr C2/r (cy 
Jlence, fo y=a, Efe @ aed E) petd 
AC, tC, = GP? pat (d) 
By &%-LI-49), ah, poneak epbitarr fn Srr 


ip = Ep [- CE prom 0106- F2G) 


Fn. r=b, pe. (b) and €) pel 
City) by CG ~ (1-9) Cy, = GI bt” (4) 


Ths sybubagn of Efe: Wand F) +a 


Cont. ) 


Ue 99 oy | Gia Gee 
C, ~ $E pew (-V a2b+ Ci+v) x | 


_O-v) pl2y* Guat — ¢3+4Y) q*L* 
Gu fe? Necrcreanreaal 


= mfimaen of | TET) on | Tae=f00 , 


Yop ~ Tre 


@ 
| = moran of | Eel, Hoe] |Get 


By Ey angele il. 7, Ep: () 
(Fr anes ~ Ce) yeaye = 2y p bo @) 
“Novice, by Ege (6) aud (b), with = Wy , 


~ 31Y, 5% /)° . = 
Y= “PrP j y= ft © 


frlrste regen Of rer, . Buk On. 13 net Broun an UH, 

plese rgcm. 4d owner, Tre Can hi delirmnirek by th, 

peli Condition | eg WU-459], with Ipysy. Hene, 
Write Se Gp Slr lie) = Y= pro 


2,.y\* C 
Gr=Y-5Pr w + 


nckudes F=0, C= Feet bewid Chace, 
fiat oy Wl) des % 
T= Y- BP rw . 
When Hh, Rik 24 rebate 
Lince Oxo ab rab, ia 
LO =U, 


3Y_ 


By Ege) and (£), 76 


Cpl) op Cronphe 17 hy alas ca on ° 
Cre 2h p bp C1 F) (A) 


(5)2 2B Pe Lh - . & 
Une plate AMiadod ark 
Gin, = - PPP 
(e)p = Y 
A, 4y Epa Ub) okt), 2b, reechuap atibigee. are 
Ce = ie Gidea ¥ Buen coe 
Goal = (Go)p-oe)e= Y ~ Pelee C39] 


Or duhalAuling tr Wr by &%-E), wR Aone 


(c) 


(cont) 


Gilg = UL O-£) 
Cele = — ban (1 ae 
NA trot with G=0 ank 0440.5), 


[Crp Fea) HPP“ Y 
(re 2) 

Gog ~Gr> He yey 
(af 


ee ~(r) el onan _ He Ly 


(r=b) 


A. een oo eine 


a yak T=Tll- £), Ep Ul 46) aptly with w= 
<= Jt Gr (rw) = (tL Te £(i- b) @) 
Mite pater of Eq @) pelle 
uU- CSCERL (3r- ar") tC, r+ o (L) 


Ave Us > of reo, C,=0. When by Zhe 
aa Ay pact Epes 


IAT (SE-4)tGHIC] © 
byte tony at m Opp =O ab rab, EF. O yuh 
C= Ll”) dt “ 
Mom , by Eps. (c) ond W), 
Tp = ELLE -1) ©) 
( cont.) 


dub) hog. Ege .(b) (4) ard the arcond of E fo Lil-44), 
Ty = HZ (4E~-!) () 


(b) A pr posing thr 2Qectic ADs Aue Ap w 
[ -c00 Epo. (f), Ekanple IT] on th, hierm due XT 


Lego: (¢) and) bore J, we thaw 
z u a 
Cy, = 2H pb w'U- fe) + He (E-1) 


p_yuz (43) z = 
Spe =H pbOU~ Gey It E4B(F-1) 


(#) 


Gt r=o, Ege .[¢) yeld 
= 3p b*w*— ELT 
Tr = <3 p bow — Erb 


_ BEY 212 2 EdT, 
Toe = Per —* 


Hence, oF 1=0, both Igy aublyy tng decreased dee 47 
ak r=b, Eps -@) poll 


Tene at r= b, Orr Amaia un Lengel (it 
yoo at tt, berendery r=b). Merwere, Ope +4 
Jnertacd) Ag hy Hein EAT, /3- 


Anes ain Whe ahaa 2€sle , befor yielhiiy oceure, 
Per fr VD (eee Example Ili) s Yirlding orcure wow 
Toa = YY. Wenee, 1 Hhe flacle regan, ofrer,, 

Son = &) 
Aud Gp, <a unlensw in thy flack. repiny Aomag be 
a) bey Hy egerclibriuer condi, Eg (45), with 
Jpn Y° Thue, 


£4 (r6r) = ¥. ~ pre & 
Ate pretarn of &3.Y pithe 
pay-bero'e& — (o 


Where Cua a conelact of aicligrilese. Lenco Gop muses? 
he borenleQ ot r=, C=Oni EG .C), Maar, 2 ahs 
fleste reyirn, hg Epo) aud ©), 


Tre Y-SPPO", te =y @) 


din tty Laila. epi , mere b, Hhar aT eded- ane peren 
Ay Ege . (() U4) aed (lS) , buch frre aronpbricily mag be wullon 


Aa 


“= 
Gp = AP prt C- S 


. Le @) 

op — 18? pred $C, + pey 

Whee Cy aud Cy ar onelaats ener, by Epe- 6) adh, 
2 Th Mie Corkinuily rrtlibeina Orel *)= Crrl(E], GpleGlr) 
dt r= Yo» we? oblenin 


r 


(Covt.) 


— Wr w+6- BY = Y- $pyew* 
ie (6 
_ PEG + TpH = a 


C3 at aed te Abad eyvation 4 
apa pre TF oh act apm ware 
Orr =0 af r= b. Lins, by He fret of Eye e), wr? Lak 


— 2 pb w*+ C,- 1 Cy =0 3) 


were OF and Cy wi Hea of Ys 2? fA 


= y+ 4 poh” 


}2 


(4) 


Lon safatta cpt atop Ppt, after 
nigel fiicetein 


ALON 


Re ] ~2(2)+ 44 1+3Y <7 ~ 55s») = 
Mecca, hag ths Gomdaaitc. make anh doin phi escton utd 
(6) ~ folded (is 


Thon, wth the mmerced values V=0.29, Pp=7&SD Ag/mm3 
Y = 620 MPA, and b =0.400mM, We oftix 


_ 6 3353x105 ; 
I, = 0.4.00 ~) S-2BS3410"_ 4.27807 tm] (4) 


A a hoch, mete teat by Et. b net y) 


cont. 


lp =0 W = Wy = BY 
? fr GHpee = 109S.5¢read/s 
a! i= b=a.uoom , fn D= We = 
, Ze 
(a) With T = Tot, Eg. (42) yrtde 
~ _ fi-v® % 
ie = LO? pra + EO bre Gre Ge (a) 
U=o0 af Y=0, C, =o. Then, Ay thy frst off 
& fa (44) and (as, 


& 
r= Tgp? Ht)- SAB 


= 1216. @rad/s 


ol 
El 2 3 Pre ye - vid re +6+)C,] (®) 
dass Aimer Of, = 0 eo =b, cy tb) apa 


~ GYC3w)Pbhw*, C- 
C, = 7 EEE (c) 


Wim, boy gs.) aud(c) , 
bir = SB pba) + SB (I~ §) 


Amilardy, 87 #9 -O),€) aud thy arcond of Ege. (ll 44), 


y= SZ ea [Gb Ci+3¥)r?] oe iat eis ar) 


(L) By Eye. (a) avdley eer 
Bas ae of te nadir b tu, with 


UsLepbo + £4%Gb 


a he : | Otturd, 0997 Orr 
Pree Ego (1-449) ered (1. SO). Monee , web ~ 
When Top = Y- Novee, ar Mio placle Aryion akrt tp, 
Where tp Ronetes the Location of tte plate -whiité space 
Lot vee = ds 

Thr 44 unleneum an tlie pulaclic uryin UL, didie- G5, 
an Oh, plaski dager omay he Albcrmaned Ay thy sg retdruine 
Comdiiia Sep (4 S)3 | with Opp = thu, 


+ (rer) = ¥ —pru” (b) 
Aide gr ation of BR (bk) yells 
Tire Y- Sprewt $ ©) 


Whue Ca 0 tondlent of ntignaliot Aico Grp=oubroa, 


We obtain, hy EG.©, 
cap a’d™ ay 
E; . 
ae - BY - Few &) 
C) 
Ga 7 
On thy elaslic region by sre, Mis nus, as gron by 


E pa. U-49) and(s/ 50) , whrck fr temphriels am he wrt 
Gre =~ 7B Pwr +c- hc, 


2 () 
Gop =~ FLOM + ls tS 


Thun, Ay Efe. ©) adlf), pr cortinwnily of liven at 
Ys Yp, wrk hue 


cont) 


(Gr). =r}, anf) (Toe) = Ge), on 
_ 3 py wr C,- ae = V(I- a) SPO igs a: 3) 
_ LEP p re''t C3t ne = Y 
Chao 1in ty lack egon ab r=b, 7,20, dy 
th, fret of Ege. £) 
~ 3p B+ C, ~#C, =O (4) 
With 2=0-10 m, lb=d40M, 2? = 7850 Mg /m43 V=620M pa. , 
b= 0.09% and  =Flath)=0.15m, Epa ) web) 
are Abrree eyeedbeina vin Wop Ahir unbnowrs 2, Cy, 
Gud Cy. Luhelitittion of munerital patie inks 
Efe 2) and) anh sotrny fr LD prety 
W = 930.95 r4d/s 


Mia avaline of Commared Lo Wy = 169.52 rad/s od t 


Wy = 1062.21 Aadb/s - 


By E4.(2-15), fora pinned ond Column, 


R=" & 
where Ay Table A. 1, Appendix A 
E = 2006-Pa. (6) 


dunk by Takk B.), Hptroutly. B, 
no GE = Tees. 3.068 x10" m+ (6) 
ene, with Fa, = 133 4N, E90), aredle) yell 
(= [EEE «| Pame niet = 2.134 m 
22 By EER), fr a fewmd Lud column, with a 
Aafely fain of 2 aud ly =bS4N, we here 


; 2o77 
Ra = 2 Pettous, =2(ts) = T= a) 


For A3b6tef, F =2006-Ph, aud times L=2:2m, EF.Ayieldy 
Lin = 2S) IBY 2.2)" 
(2004104) 
A=bTH+(b-2)t = abt-t* | 
Axx (OL + -tNAUE ) 
= (bt + bt?-2’) 


Bete’ 
_ Y*"ga@bbt) (Ce) 


ee <L £ bt, bt(¥-t rb tl -t) ° 


2 


+(b-t [L(p-4)4+0-FJ* 


Ixy = bt(x-%)/ y-£) 
+(b-tH)(%-E)[F-t-4(b-t)] 


= 3191p ne GY 


b 


“iy 


By Eee (B-13), Append B , Ahy fringed onoments. of 
Averlican are ( Fig. a) 

Lixx = £uetly)+Tay 

Lyy = $y thy) —Lyy 

By Epo. ©, G) aud) ank THA C.3, Apppeerthig C, wt fend 

L 7bx7bx j2.7 (b=76 mm anh t = 12.7 mm) 4 aabiypeilory Mat 


AL 


(@) 


Lyx =Lyy = 0-%1Sx o~° mt 


Ixy = — 0-$29% 10-° m4 
_ -6_ -7 Ug 
Lyy = O-95 — & S29 K1O-P = 3.B7KID” mM 


ub 
Tyy - (0-FIS 40.628) x/07% = 1-443 KID mt 


Ao, Hhy renin amomand of wierbia, 44 Ly = 357K 10" mt, 
which 42 light harngn than, The negecirad) Minimum 
Lonig = 3019x107 mt, Ate check, by Takk C.3, 
Lyx ETaz)= Ar7*= (1770 mm*) (14.8 mm) = 3. BIT «IO mt 
(b) By DIL Al, Apperedyy fr, Y=2SOmPn for H3b atecl. 
By E¢la), Pa = 130KN, aud by Table C.3, ez TTONIO~3. m> 
ence, 


3 
o - — 130K" 735M & Y=2S0 MPa 
a” FR 1.7 Jox 0" 3 — HEM PA «Y 


Mersfre, tho cobumn fats hy buchbiig. 


Bp Tod 4.1, Appendie A, fr while oak, = 13.8 6Pa. 
with 6. taflrtsy face of 4 aud with T= fra 
Creed acctam (hub), Ef-(A-'S) ycelhe, wilh L= 75m and 
a Agnd of GOAM, 


Pp. 
t= uC eoxlp 


»)- Mer . Ws x10 (bY) 
a (7.5) * 


OL 
b= o.177Ss¢t m 


(b) Bice b= 0199S, th, are thofrtly eryre a2ctn is 
A= b= 003973 m*, arf 
Tz, = Fae = u(soxue?) — 4,035 MPa 


a 0-03 
Meee, Aint, Aky propoitral Loiait Tp, = XCMPe , 
Tp 20n, and Hh use of t, Eula formu. is pctpiel) 
UA-4N (4) Uh, hey: acelin deckin fowred Ag tivo Lore SK 4S 
Ongh, aetna 4 Aborn an Fig. @. By Fig.a, 
L yy = 73 (48-5) (002) 5 (79.583) = 4.922 7x10°% mn ¥ 
Lyy =o (ioaylfesy-£(93)(797-5)? = 4.647910" ne 


Mereferre , Linig = Tyy = 4-08-7950 inf 
Dae, hey Fig, the erecta decigh sri, 4 
4 =(10 2)(7¢.5)-63(72.5) = 3. WBS R10"? yp 


Tene, r= \ Lous [A = 0.0367mM. 


So, Mh, Ahevternees Dilip Aa 
Aly = 6/o.0367 =163.4 
0) Me crteal shares in (7 = TE |} —— 78.5 mmy — 


AX Br) > 
O12. . T*l2 9) 
Te, = wees as = 73-90 MPa. Figure a 


Aenes Y = 2SO0MPH, Tr<y. Therefor, th, ser of Eb A 
Legation 2 fucked | 


yoyo - Tha? + - &- 89: is 
Vey Tab + ilies 


ree It, o00)(m)C1S2) (SP) - 24,980N 
= 4 
4 Cito)* 


fag 2 
Fox the Spare, A= b= A000 mm . b = ¢Y-72 mm 


ITst¢ i gry 333,300 on: 


ee < ec) (333,300) _ £2/ AN 
i (750)* 


E22 
For the circle, Hs wes 2000 mm” . D= 50.46 mm 


i wr TT (SO: wt = 318,200 mm*t 
be $¢ 


tEL _ 17 %C72,000)(318, 200) _ p92 AN 


> C7 50)~ 


i. 


ft = (d= 30°) = 2000 mm; D= $8.7} mm 


For the he {low circle, 
(59-71-30) = 543,400 mmé 


TEL _ 12 72,000)(S43,400) _ poe BN 
oe (750)* 


= 100°. So= 7506 mm 


Let A = prew bounded by. 


. 2 
Calan porimelin = 10,000 mm™ 


se AY,= Axgo- Aix SS 
= [0000KS0 — 2500 %6S 
= 362500 mm? RY; 


a 362500 - 4.33 mm 
(‘) 


- 


7500 
By the fig ure, Figure P12-7 
= 
I, = L (100) (100)%+(o0)(s00)(1. 67) 
}m 
— 1 (S0)(Sq)~ OlS0) (6.62) 
rm _ 
. =ifoe = 
= J729,166-7 mt (3 32.10 


2 


= y = x4 (to0)(100)* ~+ (so)(S0)’ = % 812,500 mm? .. ial = 32.27 


Hence Yn — G Gu Vr) wacg = aoe = 64.31 


Wa bat fm pi 


p= WEA: _ TP (rex101) (7500) aa) 
ee ax)* (62. 31)* 


BR, = 1373 &N 


By Fig.) 
=M,= 1S00P — $00 Fg O 


: (a) 
AB = 3P 
By Fig ), ‘fe 
: - ® bo 
2 Mo» - /000 Fey 500 fag" © |<: s00 mm >< 500 mm | 
FR tth,=3P oT 
, Ah, Look on toluene feo 
ABut 3P and the Gok 2 


Ore Cybern CD 3F 
Conardy aed (4) Fiy.@). 
I,- £ (20)(30)" = 4.5000 mm ¥ 


Ly = £3020)" = 29 000 mat = Tinin 


For column Ag by Eg-- (12.2), 


a = 37. 
AB (609) 2 Pa l3lb ON 


Fo. column CD, 


_ te 2 
3p_ Rae ») > T*édLy = CPR OWN AY 009) © ry 91 AN 
A © (Lep)” ().0 00)? 


P= 7.47 AN 
Thurs, thy erika! brad fr th, agdomn. Xe 
P= R. = 7,4U7 £N 
Thus, Column CD fpuckles before column HB. 


= . f 
a og 490-9 mm 
df? z 2 
f= Ts = 7 C0)" = 73.54 mm 
& 


For column BC, E, = 200 6Pa 
Fn Calumn DF E, = 72 6 Fe 


400 mm 


By Fug. , =M, = 5608 -300 F-77200 Fa. =O 500 mm 
(%) 4 
oY, LSB Fee = L5G e) _ fo 
Under the actin of load @ bar oA notates 4. 


And Causes Column DF Compress 
an amont &, and column BC to Compress 
An amoont 2A, Fig. a. Therefore, the 


stress tn Colomn DF deto 4 ls 


F. 
oman = PF = En = En 4 
D A & Log 


Gnd the sfress in column BC ts 


. F, 2 
Og.° t= & 6.2 4s F4 ge ©) 


8 A Lae Shae 
oL 
Foe = E, AA) . P. a 4 Es (4\(A) 
A Lipg ) Bc 3... Lac @) 


Svbstitution of Egy. Cd) mto EF A yields 


15SQ =(S8. 4 2& — [3 3 is 
4 Tee * Sta MO = (3 Bas 2 asaltssyy 


Where Da ain mm ank Q tb on Newtons. 

Wa BUTT x05 Q, Subectotition of A ants Ege. (l) pel 
Pe =0393Q an. B= 0.7108 

Thus, pr Glan BC, Py = 0.910Q5 T*EST/%, 5 or 

Tr ® (200, 000)( 4 10.9) 400" x 0-110] = & ; Q= C455 AN. For 

Column DF, P= 0-373 Q = TE T/L, 5 1 amynd fise0"s03%]- 

Q. -. Q= 3.550 BN. Therefore, column DF collapses first, 


3 


when Qo Rep, = 3.5504N 


2 


2 Zz 
= E (donde) = (90.17) = (73/.¢ mm 
1775, S44 ann 7 


~ w/e dt) = (pot wr) = 
T= W(df-d') = FC ) 


The ovtief rad for the pre + 


> _ WEL _ 7% (200, 000)( 1, 178, 644) _ 57st HN. 


AB a f% a Aemperelons 
a area, oe 


FZ. = (G00, o60)x I{-7 # 1O-F # 1754 (AT) = 


lence. 


=A (AT) or 


AZioS ltDan. 


~ P+ BO = G04 4-05 = IS7SC AN 
~ 'T 


nm ATR IAC. Thesufire, the Aeraperalecs of 
Ww tueh tbh, Cobrmn bechly +4 Ta 0419.1 = FPAT. 
f= I (de-€) = E (soy mio) = 6409 mor 
mpd?) = Wot 100%) = 833,778 mut 
T= oy (do de ) £4 j00*) 
@) Let Ahy presauy vj thy eset Bb ?: Thersfort, rte 
P= dp 5 FE li00)p = 7354 f?- The orticap opedt 
~ = JEL. TT (300,000) $33,778) 
rake for rb, peteek v9 Fon Tz me 178) 
R Py = AOsIFN = TES¢# Hemee., p> A587 BN /nr2297X 


(b) Ad hack ling, o . Ry _ ao3it - 31.7 MPa. 
antreg, — A bU0-4 


The buckled form (deshed line) IS Shown j Fig @). ‘ 
The free- body deagram of sectim AB 18 “shown 7 
tH Fg (8. The moment at section x Is v 
piven by (see Fiz.c.) 


2M, = Pe+Mn+P¢ = 


Rn MO < — Py-Pe= ery" 


EITy"+Py =—Pe oer 
yl tk = —&ke ; Ae E (%) Pe B 
the solution of Eg @ 1% - 

y= fan kx+B Gehkx-€ ® 
The boondary Conditums are 

f= 0 for x2O4bL © Pe A" “Ty 
Therefore, Epe.(b) and © geld 
A = e(l- Cos AL)/sin AL Jj B= y 


Hence, 
r M(x) 


AG) = e( EH. SIN Ax fF fos kx-lf @) x 


As FP increases, the deflects v7 @ of 
the Column tnereases. When atbarns 
valves for whrch QL 27, 20 --17% (9) 


J becomes in foaitely larg@, stnce sin Al goes Fo Zero 
as AL goes tol, a ---, 27. Sin Al feet be tonaS Zero 


when &L aT. meh h= I. Fx. or 


— 


2 
Fo, —- «él 


“ph 


The tree- body diagram of AB (Fy. a) 


is Showh in rg. b. Summation of 
MN orneyle absut point A (Fig. i, | yrelds 


ZM, = PetPe-8lL=0; or B= 2he 
Bf = Betee 2. fege 2Pe the 
— 


mom ent at Sect iy x «8 eipen by 
Csee Fig c) FM = Pet M+ Py reas d 


Y Maa - Py + Peci~ 2k)= ET” 
luhere Os P/EL | The solution of F(a) is 
4) = Asin + Bees hk + E(I- 34) (b) 
The boon dary Conds tions Are 
f=, for x= Ok (<) 
Egvatiens (band © yield 
A= © Cit+- Cos RL) G=-€ 
Sin &L 3 
Thavejore, 


y= el cos BL sinkx — Coskxri- 3%} GW) 


Aes th Prob. lel2, the condition yo © 
Fires the buckling loads, for sn ka 0; 


or Ris aT , mat 2,-77- l[towever, Soy mab as--- 


(<} 
the rate f Eg-c)] in fos Be wi a eH hy Utosectals rule. Hence, LE¢ 
Critreat load occers for Nae. Then, RL=amtr and 

= += Ter and the column buckles ute two lobes 


ao” “Gp EB 
CF iq. a). For nz¥, the column buckles to for lobes, ete 


@.) For Arclebing ar Mie x direction, Hho calemn fureleles 
Ante Haro heb 6 Fig.a). Hence, by ER (RID wilh F=726-Pa 
avQ L=18 mM, B =y WELy | By Fig. a, Ty=4-(100)(38)"= be S72IK1F mY 

[> 


WHeence, | 
Pay Z2lrxwvusrnol) — yi thn @ 
2= Ca 
Fr bevelong vin th, y herscllin, the oben 
buckhs an one Lobe CFig.b). Hence, Ly 
Ep. (2.15) P= ues, whe by Fig: b, 
Lx = 75639) C 100)? 3, 1667x10-¢ m4 


PP) , mEcranwN(3.I66T0O _ coy cu gy 


(I8)* 


tinie Bd EF, AW 
jae teeth 
b) Ane, Hy, crees~seeT opal) ar2e 
44 A = 34 (100) = 3800 mm*= 0.0039 m> 
*| 
=a 
Scone 33mm 


"he apr) Aires fer 2075 ~ Tb hyminene 
4q Y= S00 MPA. So, Hho proportional 
0 bas 


AA 
On = OFY = ¥S0MPa 


Figure 
Mence, Cer 4 Ope . 


Uvelre hap MUAg f Fula epalarr £4 pale) - 


HIIS|@) The crgsa ascHien of Hy colar a dhquonin Fig. a. 
By Fig.a 
‘ff ) 
. Ixx =Ly, = (igo) t— £ (lot)* = 33.854 x 10" mt (4) 
he hrchteh Drape a cbr an Fig. b. Yh, frreck boundany 


15m 


M=¥Y'=0 abx=0 6) 4. dis eomaerenp: Ae a is 
w= 0 af x=k 
Ae, mn Linalbesnbirg onditne | 

ET Yso af s=L © ea 


A =A aus hxtBoshxtCx +d W) 
By E fo. 6), ©, ardld), we sblacin 


B+D=0, 1 D=-B 


TD, goyerel arbittdn Le | 


BhtCrom C=-Ak (e) y 
fA on hl +Baahl+cL+D=0 a 
A tm hl t+ BGckl=0, r. B=-AbenkL 


Lubelitiding fr BC, tudDin the L= 7.5 
ua: EfO.C), wt fevcd uit tims 
“A tav hl Al =o. 
dence ALO, 
tim hL=ki | 
Fe fa AL=4493, 0 


k= = 060m" & 


12.15 cont.| T 


Ege. (a) arch ie) J 
P= RET =.60) (iz.sxiot)(33. 354% 10°) = 152.34N (A) 


12.5 6Pa (azc6eTbh Aland 


with EX 


(bS By Fig.&@, the, Creed ~erctional area of Bhp Glummn 
AA, 


Azulizs)(2zgd= 0.0125 m> (2) 
Ao Epo. Qard(¢), T= Pa/p = 12.19MPa. Butfee, 
qoteu *F the Each egeition Ih be pred ped, wr 
mut hay 
Tp > OG = 12-19MPA . 
ft =Gooliso) = 0.015m™ Ata RemgHh x2 L=b.om. 

T= please 28. (2s110 m+ 

ty = = ist) Croo= 12-Serio en ¥ 


Nenee, fn bchly About Y [ame — 


Ahy X aye , th, plemn ag 


frmmed . Theefirre with E= 8-364 | So my 


(2), = RE. Weowterurnry 
a (ha) = £u.p dv oon 


Cheech bany "OP tect ow byia) the k~/00mm —| 

Column onde tre conibierred Igor 

on on iffudtne laayeh pool Figore & 

K = 0.600 Theupne) hy the Euler epsartin, the huchlong lyad 
_ W4ELy _ 1708.3x109G2.5x/54) _ 

Poly = TS tpeontye = 101 A 


ALue 


(cont. ) 


rod fr thy coburn 


‘otonn ives Fa) P(R.). , the errbesel feck: 
-(p,), = = 6U.ORN 
(2) Wn tz Jatn AA. 


Ie 
6.. = _ bHst0 _ 


Mose pag! bit Ab. 17 oe pa tt 27 MP4, 
ack ella IS Here, ure 


, pollen 

X Ay Table 12.1. Oy Table 12:1, rhe offeclrs 

Aig if a fp) — pn ela Hence, the 
Crikical Auelabing dbiter 


(@) 


a 


turtys 33.354 10-6 mt €) 
with F=I386PA thL=7LM,  s6mp 


= /3. vm | | 


2 
G2 @ 2 p35 (33.354 x19") 


(0-70%7.6)* (0. 0125) 
Nene, Abs Mionirrnuime Negesnep 4Smn f}——125 mm ——+| Tenn 
oe mel nil abire 44 Figure b 


Jo, > 13.03 MPO 


x _ Ted 
(5) mee jb Le 
factor of a. 00 | the Colvimu yaase be designed to carry 
a load of 2(40kN) = GORN. Therefore, 


For &@ safety 


fi = GON - Fst n d'és (gn oreuh AS = (2.90x10 oft 
16L T3200 x10") 


we 4 ~ 
d ‘= 12.70x10 Tmt = 12.90 x10 amt 


Jd = 33.70 mm. 


(kt ae we 737 gga. tmm ™ 


Con es (%, the calomn woes desrgnad fo beckle 
at fe. = 20 RN. To beckle elas te cally at 


§0 RN the Column coe, ee waot have & 
o60 
minimum pre ports mad him? ¢ of 0, i = BF. 7 MFa 


By Fig- PIR-19, A= tsoxtSO— {25% 100 = 10,000 mm™ 
rT, = pee 125 100] = 31,770,833 aremt 
Ly = ERs ylise)+ delianasia W192, 728 ava! 
For buckling th the y~ direction, the ontrcal load tS fiven 
by 4a Lz AnTl , withmn=! [ See Exawle $2.2, &9-- QS. Therefre, 


— TEL, _ 12% (72000)(31, 770, 983 
2 oy = OE > Se 083 14.9 AN 


For buckling ii The =< direction (with two lobes), the eriticel 


load Ls piven by Re fox AaTr, with mad. 


P = (b17EI, _ 16cm) (72000) 14, 19%, 08) - 
calx) =“ 97600) > = 1972. 2 AN. 


Pier Es Fancy) =HIY SQN, (E)Thas, 65,5 ET TMP , muimem. 


A [0,000 


A = 1S0x15p-125%x100=0.01 m™ 
3 3 -e 
kK = 7g. ( 150x180 — & (iasy00) = 3.I77KID out 


y~ % (asyisoy+ J (ioe 25 = 1B ie 25mm as 
x mm 


‘ ak 
[+ 15m — AS my 
Figvre a 


[SOmm 


(4.0)* 
) = 273-7 RN 

win Hy » direclion (fechbrig oben Le 
rye, wath tare Leber), Fig. bo, the uffuckine Length 14 1/2. 


(R,) = CEDy _ WA paxN1MGaKiOT) 1G) _ ggg.) AN 
“MY” CL /ay (4+5)* uo 


a 


Aimee Pon)y 2(Pody 1 Hho erilicel berchlaig Led 
() Un critecaf Aching sitet 44 
= Her = A282 = 27.97 Mra 
cr Of 
aust he duck thet 


Tp) 2 Je, 227.87 MPA 


Fig vre b 


Under the action of load Q, the bar at pimt B 


“Move s downward o- di's tance A and at Print C a distance 
0-6 A, Fig .@). Summ ation of moments 


Abovt pont A yields A taf tes 
Q=F+06C @ ae ae 
where m terms of 4, “ 
Fs EAL = (oasse)(TMt Mo (1g a( 7854) 0 = 113.0984 


Cb) 
C = EAloce = 673574 , haan mn. 


‘ _ dt. Wxioo 
The certe cul bowed for Coleran FH is (bese 


F =P = TEL _ 172,000) 108730 
a UNCER) OTL (047 S000) 
Therefore, by Eg. b), at Hus load, A= 284,638/13,078 = 2-S2mm 


Similuly, the cactrcaf load for Colomn CD 1s 


= 234038N © 


” = WEL. | 
Con = zee aes Est Cd) 


Therefore, by Eg), at this load, 4> 137, S28/o7, 9592.06. 
Cons egret, Column CD buckles before Column FH. 
By eps. @ omk(b), with 4s 2.06 mm, The leas t 


valve of @Q Hat will cavse one of the Columns 
to buckle (column CD) 1S 


G) = F+06C = (130% p.6x 679.5%) (-6) 
2 Q = 316-8 RN 


@) By Prob. 1221, Fand C, jou TheretineD, save. 
Proportional to E. Riso, Pu. £8 propor tiene | to 


Thercfare Az 2.06 mm fer hock ling of column CD, 


200 _. 


Also, G = Pr Obe. , where F=({1307864 i? 
au CH G7959 A) 22 = 335.040 


&, 


647.2 aN, 


2 gR0.2 4N 


Q = 6472 + 0-b« 388. 


same Cross- 


(b) Sisce beth Columns hee the 
Sectmal Area (A= 7 &S¢ ea), the farges 
Stress ig¢ mm Qlomn FD. Therefore, the minimum 

ensure that the Colomns 


Proportiona | himit oi to 
buckle elastially 18 


on he HELE, we 


By Fig. P1a.23b, A=(nlt0o)-Gy(75) = 6250 one 
Lx = b Momo) - G75) 7] = 6575 5a mar = Lmin. 
I, =h [ve (toe)? (2s)? ] = 7 S378 mm = Lag. 


By Fi. 12.234, the foree m each @lomn 1s 
P = &. 


@) For buckling in the Plane, the Columns are 
Pinned - clamped. Theresore, for in~Plane buckhh 7 


a> oe ee ee 
om G@= 1497 AN 

(b) For buekling out of the plane, the columns are 

CCont.) 


) fo oF of plone huchling, 


= IL*(200, 006) 7 $52, 083) _ 
(2L) (ax 5000)™ = 149.1 AN 


1 BWs20Ikn. C gentle, fuck brig ovens pirt 
aking vite of plane pS Q- 210.8 RN. 4 


4 | o tx0.14my and b =12-0mm, t/b = 0.02. Bg Fig. 12-1, 
tb = 0.0) <4 41 Th, repon y |— 19, t=0-14mm 
of- koe becetabig as a 
{b) Ou. Fig. 1AM, wi t/b=o. a | F- ye 3,04 mn 
Oe, = Ih MPa b= leg 


OU cabewlet thy seeclbory Figure a 
Aga and Aone, thy cule >| ~ 
bi tat f purat I x = 3.09 mm 
Hho aycig Abend whuek, Aly column Aclelee. By Fig.a, 
A= 1200.24) 4. (12-0-24 (0. 24) = 57024 Mm™ = S.7024810 ny? 
AX = 12(b.2u)(6) + (:2-0-24)(0,24)(0.12) 217-619 Tne = [-T6187810* rn * 
X 23.07 mm =Y, be 
Ty L(12(0. 24)-#1 2(0.24)(3.09 -b (2) 4 EL (0-2y)(12- y-5-24u) 


ge (12-0 ~-0-24)(0. 24) (3,03) > 


Tx, = 33.86 mmt = Ty by sqmmetiy. 
Fig. & 

= (12 -0)(0-r4) (6 ~ 3.09)(3-09-0.12) 

+ (12-0-0-24)(0.24)(-3,0%4-0.12,) C6. 12+ 504) 


Txy = 50.29 mm} 


[12.24 cont} Oh, premed axes X,Y as ot Ga 4S? Prom the 
Xi Y Gyee (Fig a). Oy Ep. (6. 19) Ale roma acne 
Mee —morienwt of cyorilia Ag yy. Wlaec, 


= txx+ty - (Eri tz 
Lyy Zz xy) +Iyy 


Lyy = 33.57 mmt = 33.57% [p7'* wt 


~ BR _ rret 
Cr) euber ~ A - Fs 7 “(74.5% 109 33.5 7x10~ 2) 


CS5.702x 19°)(0.559)> 
Ger). = 13.85 MPa, Com pore 45 G,, = Nee MPa 


Az bt +(b-t)(t) = 12C0.635) 4 1-365 (0.6 35) = 14.8363 mmy> 
Than, by Fig. [2.11 and 


Ca FH = 12 (0.638\0.3175) + II. 3s (0.635)(0.63546.6825) 
= ¥ = 1263503175) + 11365 (0.035) 0635+ $.6825) 
14.9369 


_ - 6.635(i2y z 
Tx, =Lyy = P8398 C12) #12 (0.635)(6-3.2360) + 3660405), 1, 365(0.635)(.23,~0.3173 


= 3.2360 mm 


= All.367 mmt 


ry 


y = 120.635) (6~3.2 3L0)(0. 3175-3. 230) + U-365 (0.6393. 2360~6.317S\p.254- 
= 126.372 mud 


O.3nsf 


my = tit bax tLyy _ - Iyrl 


Nenrces, 


+ xy = In [T,,{ = B4.99¢ mw 7 


r= | Feu es fates 


om — Rr _ 7? mE _ TG. $00) _ 
4 ~ (rye (233-6)? 

Dee rypsrirnentally dekirneneh Missa 0, by Fig 121, wath 
E/b = 2232 ~ 0.0529, 1a Opyy He 12-RMPA compend A5 13-47 MPA. 
oh, Dy poromoul s1zer 2 apprnpernalely 5.57%, Lures Dhan the trerage 
ATM. . 


=(3-Y7MPa. 


ie ee tip she Ata hk 
yu, 


Tangent - Modulus, GPa 
36 “Ss 


SZ 
SL 


aha 


9.004 0-00b 0.008 


200 


Stress, MPa 


Strain 


Figu rea 


Age inn Fey B. By Fry. 6, y 
Az 1202-5) = so mms eee ai 


Toe cle 02 = 18x07 125mm ; 


Lj (12) (12 spi= Sean m4 


Ses yy 7B, the cl fh showl the dna. 


- 12.5mm—> 
Figure b 


(Cont. 


bine Hho aura are , K=oS0 (Tabb 12.1), 
“Hever, Ah, arable of KL/r, mig he calerbety as. follrurt: 


_ pate — Prexp 
k = VA = gnu = 0.0034bm= 3.46 mm 


-SxkiD-4 


Wha, Ainee L =L50mm, 


Vy BUR 36 


Hence, Ay Fig, $4-b or Fig. 12-18) Op, X% 260.9 MPa and 
Fe, =O A x 37.14 AN. 
By Fig .Q, 
A= $0(32) = (b00mmr= |.bx10” jy 
Ly, = Gabo)": 3.334107 "mY 
T, = “ (g0)(32)?= 1. 36SK10"" a 4 


L,, 
4 ayia. Seice Mh tude Bo 
, K=O Cake (2.1). Herne, * 


sn KL fy, £0. ddermunep ca polloer 
y J = 0.00924 m = 7.24 mM, andl a 
Amz | = S00 mm, 


KL 2 sy.13 Figure a 
K 


Men. hey Fig (apa ov Fig. 12.18, 
cp 23 MPa 


Teves. P=0R x 340 4N 


A= A (20)(5) + £(a5)= 325 mm = 3.2510 tye 
AK = 2(5)(25)(4E) + 15(5)(£)= 3 3125 m? 
Heute 
‘so 2 3312S - EP. 
x= ae Fo el 0-010179 m 
i oo Fig.4, 
(255) aes] (510)? 4 LO) (is) 
= ae 921.1 mm = a-6727x ne m4 
Ly = e (U5)(S*) +15(5) (1014-25) 
2 (5)(a5)*+ 2(5)(25)(14-5 10.19)” 
= (6 8,746.3 mnt = Leeuex ton 8 m4 
Benen Tx 7 Ty, Brckling otewa about Hy £ ayia. Lince 
ss tnkle ane fired, kk = 0.80. Abeo, 


2 es = fetus 14s x 10°8 
4 “Brasxip ge 2:00 1635 m = 7.635 mm 


wath L= 4YSomm, 


KL = = =AG47. So, wath KL/K, = 2f. 47, be Fig. ire (S (or Fig 12.140), 


rk "buck G GS ARIMA. Hence with a. cafoty freler 
of d, 


ou 


R=, Ae ABTRIO’ (3.25-x/0"4) =93.264N 


ta _ 
lati ee ta = 46.L3-8N 


(a) Wha atrese - darn Exagran 4 plete un Fig.a. 


(b) 0 plelling the ahope of aby chien abies deegram 
Cure may he Ad (Ay. a)- 


Tongent-modolus 6 Pa 


Stress, MPa 


w 
i=] 
Ss 


LRM Fig. b. 


A= Holins) = = (2500 mm? = 0.0125 m* 
TL, = 7plloolizs)* = 16-27bx10 ‘nm? = 1.6 T1bxID Sin 4 
I, = L£ (as)? = [0.4167 x10 mnt = LOG! x10" mY 


ns, 4 Ta? ali a lnk Fg 
, theo Leott rsd 


Panta ta cued ancl 4 


3 = ABST mm = 0.02827 m 


Men, a LS and Kz 0S (clenpohende), 
KE = o-SClS) — 269g a) 
ty 0-023 97 
LA, ase tral, E, = 20 6Pa. compedeg 6 = 20 GPA, 
hy thy afioes - dicain, diagram (Fip.A), J; 2470 MPA. 
Dy the righ ache of Ep. (2-45) aud Bg. a), wk hare 
it 


= TC20x109) 299.4 MPA & UTOMPA- 
(Kin) (28+ 99)* 


Ata. aceonk Hal, bet B= 226P 0» Than, by the ties - 


Alan diagram (Fig 2), Up x< 430 MPA and 
Zr: 
aT E+ . _ T*(32x104) ae Ub68 MPA > U 30MPe . Qa.a. third) 
(K Livy) (25.78)* 
Kived , tebe E_= 306A. Thon , 
2 
ul ET _ *(30x10%) - 439.7MPa 2437 MPa, whirl 
(KLM) (2.5. 78)* 
AA. Asason ally char. Henec , 


Go x U37 MPR and 


R =A _y37K10")(1.25x07) = 5.4695 MN 


3 and read 


£4157, Assume that E244 S00 Mh in Fig. E We. 


pe Ep — 17(44,500) 
Or 2-2 ao = TIATED | = ptt 
T A (4)* (Y). 57 2 LSY a (checks) 


fp 207A = 254 (25}° = 159 KN 


Assume that Er = $0,000 fa in Fig. El23 anol reac G-=252 NR, 


SFY) . A= SECP) _ wp? _ 2.00(810,000) 


ir ar i in ar are 
D= 90.47 mm 

N°Erl 
Bat Pre SE =sF (A) 


Y 
- Seige’. 00 1.0% 2.00(810, 0001000) - p 40.93 mm (checks) 
1? Es van TT * (50,000) 


| 12.32 [From 3/0 = 4(0.009306)” and 370-A(0.00600}” we obtain 
370 _ /0.00600 ro — ” 
als =(Bo04070G =f 19355 =Lh 3739 
N=0.5334 and A=5667 


6b) pys = 5667 E0779" 


LE&778& 
€ = Za - 0,00F5262 


For coordinates = 395M and €20.00S262 


E.= AT _ ane » 56670533) - 34,970 MPa 


ae 0.005262" 
Gol¥oY  _ oy & 
l2(¢oYo) ~ 55 mm 
2 
: _ [7 ?7(34,470) _ 
eee = ss | gy = 365m 


Since the Column has fcxed ends, L= 20: 2(%s)-= 730mm 


“Er varies from &,=£=72,000 Mh te E, = 38,400 "fa. 


L. [ier NEP g E- 
FY Op ~ V310 0,184 AE 


4] 7 = 0, 1784 /72, 000 = ¥7.9 j 4]. = 0.178 4/38, 409 = J5.0 
m tho 


By Figo, Te 1 (60)(F0)° = 36455000 men’ 


¢ 

Knife edge a 1 goed” = {640,000 mm 

Lclamped for Beading 7 as 
a Bean sletecsion) Areas A= Gacee) = S00 mm 


Therefore, re =} ? = 25.48 mm 
ae r. = | = 17.32 
y 
(a) 


and Le = 1000 - 39.49 ) = = S774 
Fast FO? Ty 


for buckling about the x-axis (toward the 62 mm side) 
Py - Ly o hae = 3847 
For buckling atsce the y-os (toward the 0 mm sick) 


| ws 270 + KE = OTK ST. = YOGS: 
“ / ry 
By <i 1a AY, the bucklag stress for bucKhng 
abet the x-axrs (with Ket = 38.49) is Fon we 260 MPa. . 


—_—_ 


aa A 
Therefore, Foy =Z260h = Qb0)( S409) = (#oy AN 


For buckling et the Y¥- O-K IS (wi th = 4o.¥2), 
Fey x ASO MPA - Therefore, P =- @SO(sy00) = 1350 AN. 


nA 


Hence, the ce ee baa 1s P=13S0 AN. 


.-~ Tangent-modulus curve 


400 


200 


Ciilical stress o., = PA (MPa) 


mine i 
Lit | 


an 160 200 By Fig. a) 
A 2 Area = (00x29 + 7oxd0 = 3400 mn 
ie ale 7 Ay = 2o){j00) Bo) (20) FOES) 


), — 16.9000 +49, 000 _ itis 
8 Sao 


Also by Fig AurXpawe TL, = + (100)(20)° +00) (20) (19-53) +; 0) 00 
+ (20)C70)(26-47) = 2 aie mm* and Ly = 7 (zo}(to0)*+2-(79)G0) | 
= 1,7!3,333 mm. Therefore, we have 


_ = = 26.04 and ye ye =~ 2245. Hence 


Ks = 0.7 (2200\ = 59.14 and ky be = 0-7123%.)* 68.60. 


Now for buckliig about the x-axis, Kebasait, Fis: b 
fie ids He = 300MPa = 2515 3 or ae = Gon 208 AN, 


For bucking about tha Y-AXIS , Ae =_ nae Fig. b 
yrelds Fee a wa Ab? MPas as ; pis by = Qb7/3¢0 = PLS EN. 


Hence ie criti cal desrzh load lwith 6. ctor of- safety 
a5) 1 BL = 362 N. 


By Figure @ 
Az Area = (09S) - Go)l@)= 4706 mm* 
15 + { (100x25)"—G9)¢ Ga f= § 704,792 mnt 
Ty=h [ Cashline)=- Gox soy] = 5,354,667 mat 
Hence 

n= [Se = Beet = sHet 

KF yaa = [s2sueet = 33.76 


L. _ 2200, £3 Ls 2 R00 « 
we = EAE BH O3 5 SAS F662 
Ke 34.84 1 YY, 43% 5 


Rise, K= 0.70. Therefore, for buckling obeut the x-axis 


Figure @ 


Kk £ 26.7263-1=44.2, and by Fig 2144, Fee 2 236 MPa. or 
2 * 


13 Fs = AZG MPA. Therefore, Te = BOE 0 a{ZL abn. 


KE = 0.700 65.22 BSB, 


Similarly for buckling abavt the YAKS, 

Then. by Frg. (2.144 fsx a A275 MPa - }8h or i nia 254700) 
A he 

= 574.0 RN. Hence, the design lead is fa Lresig, = S74 AN 


crpet anclin of thy Column 14 them <1 ae a 
By Fig. 4, Area= A= 50x75 = 3750 mm? : 


Ly = s(75)° = 1,757,812 mmé walt ‘ 
™ 
4 : Oo mm*# 
+ «Lite = TeLaro am 


Since Ty Ix, poekling will occur inthe plane of Fic fe 
By Fig- 5, a te AG+CD-Q=0;Q=AGtCD 50 mm 
, Figure a 


2 Mg = 200 AB — 4oOCd = 0; AB=s2cD ® veo wn 
Therefore, Q=3cD, cDp= g and AB= 28 
By Fig. ed jue pond €= 70epa for 
stress from © to 1uOMPa, and &=35 GPa e 
for stress greater than 1¥0 MPa. 


(continved ) 


Ce ontinved ) 


For the { xedtited calomn Ao, the buckling load ts 

Pevcan . ae The corresponding ax tal ctress is, for 
= -_ Fg AB = Teh, — + aa g, 781250) — 293.7 ME. 

Bere a me ee yea s)* 


be used . 
Since 2973.7 > 140, the modulus E= 3S GPA most be 


Therefore, for E35 GP4, 02 a = 146.4 mPa > 149 » 
: (3750) (1402 \* | 
BN, aed The 

Hence, Pucaa) — 77 =(146.9)(3750) = 55076 #N, as 
ues x) AL 

a = B26./ 
Corre spond: 0 § valve of e Ag 3 (550.76) 
For the pinned- pinned % 
Column CD, Fig.C, 200mm 


. reel : 
mea enh 


— 210 MPa 
(= Tel, 5 wen, aia 
ACL) ? 


i= T*(70,000)\( 78125 0) 50.0m —»> 


(3750) Cinoo) > 
= 7FU3 MEL . 

Sumce, 73-434 14D, 
Column CD will 
buckle elast cally. 
The. cri keel load 
for column CD is 
ng) (73.43.3750) 

= AIS BERN - 
The Corresponding value oF @ bs 3(a7S.38) = 926.1 AN: 


Hence, both columns buckle. when Y= abi a” 
AB buckles inelastically and column © 


140 MP 
— 50.0 m a 


Stress (MPa) 


o 0.002 0.004 
Strain 


POPE OOLE PPPOE SE Oo Pe PE, 


Figore C Figured 


Column 
buckles e€ lastreally. 


| 13-11 The ean eary conditions are 


wrz0 and Se 20 for x=0,4 


"2. 
Ww 2-0 and 7g <—:0 for 42 0,6 


Equations a May be satis tied by taking 
TY 


Me = Wy sin EF shh + (2) 
where wp /s a constant hat 15 Chosen to satisty Ea.(13.55) 
Mar. ar, tee PO gy DF gp | 

os i Ain A ee ee Le) 

oxi”  Ox?d42 dg4 ~ D Sin SUD > GO) 
AWG . a TT? b, 
HME E ane E Bin Fated 2 5) & X sun TF 


Y, of 
Q"6 
= TIDE ea PTB = nay at va ond 923 
Mom See ee ao Myy and Mey are given ” Eas, (13.54) 
2 - 
My £= Dl atyy + Very) = MDa AE) iy DE gi BF 


mipwaiasr vb) , gin EE sin FL 
ae 


Myy 0 = D (“yg rY wey) = 
The mayimum Values fer i, andy, OClUrs at Xz3 Zand 4: : §, 
p(st-vei) ___poaYb "fy atbX(ptevatl 
Mix(max) > - Lb ve) lat +2a?b* +b%) ~ = ae 
Meo e HDaes vb) path’ Rpaeb%a2sybT 
Ig(MAy) ~ ~~ eG D(a 1+247b? bY) ~ 72 (at+Za%brb') 
The Kirchhott shear forces are given by kas. (13.5) 


Z 2 yee 
Vy =- Dl yne + (2- Weg y] = owe lor eYategs m Lb soo? 
3 
Vy = -Dlyy4+(e- y) ay xy] = A psroka eMey) 55 0% COs us 
The Maximum value for Ve OCCUrS fOr X= Oa and Y= 3 ms 
Varymay) = M*0C6% (2-v)a“] ate* py ab (b&(e-va2Z] 
) a be D(a eae? +b) ~ "Tatas 72a 2h 2+Ph) 
The maximanm valae for Vy occaks fer Y= S and 4=G6 
rpfa® Yb] patsy _ py a%[atr(e-b4] 


Voimay = — 0 § 7, + See 
aths Tipa42a bob) Tatreah +b’) 


The boundary Conditions are 


2 
=O and gee «9 for K=0,4 


. Deal _ . 
aro anel Tye 7? for Y 0% 


Equations U) may be satistled by taking 
nurs te sin TIX sy DTG 
Where «wp 16 a constant that Is chosen to satisty £9.(13.55)- 


‘op Yr 
See ae oe =P sin EX sin OF S) 


2y¥, 
wen, We Tin mie sin aM, 2 sin POOR yp Ay Meo sj OTS mtx stip TD ae « Be sin DOE si OY 


wa peyaltseegeom 

The loca tions wy th Maxima detlections occur for Va lues of x such 

that x-al4M-p/em (M incledes all integers such that (v13)/e¢m) and for 

Values of y gach thet 4 2a(yu-zifen (N ane integers such that (yn-zyech). 
- - at 

Winey = 09 = ar eam READ 

Moments Myy ena May are given bg Eas. (13.54). 


2 2 . . 
wy = Dy t Vertyy ee MIX yp OT 


A + VIN 
— =~ Dy + a Tipanln 109 5, TY cap 254 
Values for My, and bop gocur at Same locations as 4 inay° 


 a®(m4 ne) 
My (may! ~ FT (n¢1+ 2m*n4a+ ny?) 


_ P,a2(n?+ vine 
Myg¢mar) - 2 (m4 2meneen¥) 
The Kirchhoff Shears are gwen by Egs. (13-54) - 
2 
Vp 2 - D(x + 2-WGyy] = mDwolm’ (e-vima lh cog MIN jy OTe 


44 (2-—Wine, . 
Vq =-Dle yyy + e-padary]= Coe EO sip RIX cos HEY 


O far 2a/l a 
palm ¢-(2e-vm n®] a on 
Velmay) > Him 402m epee T(m%¢2menern*) for - aly) when 3 en 


__ Baln%le-v) mn] - a(n ~2) YM~3 
Vyinar)® GpatrEnent erty for X= ~em— when z~ <m 


yao, Ha for all N&n 


| 13.3 |The boundary conditions are 


: < 
wrso and Ze 0 for ¥=0,@ 
deur y 
M20 and dye? for Y=0,; b 
Eguations W) may be satisfied by taking 
: minx air 
ars wy sin PEE sin BEY (2) 


where uly 15 a constant that Is chosen to satisfy &. (13.55), 
Qtur Gar tar _ fo ej, MIX o, NITY 
OXI +o Dye + TF = Da OG y 
alone . minx. nity, «aman mite. nity, enn’ mT. ty BP. ir 
LE st) Fo Sin AEs 2 Bae SOB Sth ie Bee Sin sia aay Sina sin 
Po ath? 

+ WILY, sntatethtantianD 
“Oo Fmtb% 20 pa bern ta4)O 
The locations with maximam deflections occur for values of ¥ such 
that xralim-sVem(M inches al} integers such that (M-3fe <n) and for 
Values of y such that y= bUN en (N are integers such that GNWVfe <n), 


P poate” . 
max = Fp mib tem naperney 
Moments Mxy ane gy are given by £95, (13.54). 


2 ord pyle) . ' 
Mxy =- D(a +Y Woy) z TR b pM AS in OFX oy DEY 


2 2.2 2 é) 4 
_ pay (n*a*+Vinb ~ rv nity 
Myys~ Dwg t Vern) ee 6) si) TEX sin 


ache 
Maximum va ly es bh ky ane Lyy occur at Same locations aS “pay: 
po 02h mn bey na2) 
ft *(mta 2m *ntatbheyn b® 
M _ oath *(1%a?s Vm 
19 Max} ~ Fm GG mn 22 hrs NO 
The Kirchhoff shears are given by £5. (13.54). 


3 ine a Z2 , 
Vy = -D [rey + (2-YWa yy] = Z se ae J COs aE sin ya 
3 +2, (2- mnb?{ . 7 
Vy =D’ yyg + (e-v) are] = Towa a spn JES cas 


s {ta /i Mém 
ar 35 Z2 x =O, Gy for a 
E. fab [m 6 +2-v)inn @ : te 'N -J 
Vnoy) = psig aT] for 42 BONE when HA? <n 
y _ 090% l0%a%+(2-yn*nb x = Sted) when LAF & m 
imax) = Se, BOR BH) 
3 Ten Ya +2 m “aon hy 4.0, 4 tor all oT 


_ 
~ 


Mey /max) 


113-4 )The twis fing moment Mag 15 given by Eqs. (13.54). 


_ _ fot’ - ay. 1 
yo OD Where = orTD Sih He bin 
- ae J cos 2* cos & 
2 — 
Iymn|? BED for nc 0)8 and 920 


The maximum shearing Stress 15 given by £95.(13-35)- 
_f2eMey 3p a%e(ry) mx Ir 
Duy = py - Gage OS a C05 Bt 


3Po2T)-V) 7 - 
[-erepe For =O) and yaaa 


The stress Comp alents are given by £95. (13.25) 
_ leaky © 3po@ieVe cin My sys 


_ 12 aCe ie] 
Cy EY = Pod) ) p EX oin Ee 


Tey = 2 Tei - (05 = Zz (05 > 


{3.6 G) The load Px, y) Is given by the rela tion 
(x, 4) = S 5 Amn sin BEN sin “ed (i) 


M=( zy . . 
ane the dis placement Av (X,Y) 15 given by the relation 


ur (44) = > x Wn sin DA sin am (2) 
In Eg. on each Wmp is a constant thet must be chosen to 
satisty Eg, (13.55). 


Oe, Bar, te LS 7 PE yg OY 
Oxe +2 Saget J44 ~ “pe > Am SU sin (3) 
The left anal right sides of Eg, (3) contain en infinite number 
of terms. Corresponding ferms on each side of the eguation 

| are identical with Eg. (3) of Problem 13.3 There fore, 
7 ‘SS Wha mr, gO Be) 51h OE sin OY - oy $n OD sth a Thus 


=I n=l Mz HEI 


Winn = pase | | “oy 


Continued 
(6) In order tO calcu late ang partica lar coekh cient Anin' ot 


the series for the right side of é¢ 0, We mel tiply both sides 
on Eq. W) by sin 4 dy and leg rate from 0 to b neting that 
[9B 910 ay =0 when nN#h’ and [sie FF sin dy = 3 
“nen nen’. 


[eo 4) sin Oe dy = SD Aen sin (5) 


mI 


dy ane/ 


Now maltiely both cules of L£q. & by SIN 
integrate from 0 to a, We ob tain 


[feo 8 EE a ofa didy =P Amy! 
Since POY = fox wre obtain for each Am'n 


- Y &, _ 
Am'n “eff sin BEE jy OO dx el ae A (6) 


| 
| (Cc) Subsntes Eg.G) into Eq.) and ‘hnun into £9. @) fo obtain 


9) =e > > gape 59 Ta 5 (1) 
=f =f 


(dl) For the uniform load p, the deflection fur face, must be 
symmetrical with respect to axes x= and 4-3; therefore, 
all even number terms for mand n in €a.0) mast vanish. The 
maximum detlectisn occurs at the center ot the plate 


nan 2 Ba SF 


=f firi re 
This series converges ex tremely fast, Using only the fiest 


M+h-2 


(i) = (8) 


term for a@ square (a=b) plate we obtain 


Y¥ y 
Wray Re en. = 0.0042 fet 


— U . ° = ° See Table 3-1. 


_ 0,270(1000)* _ , _ (Oh «+ 1 _ fer golb) - 
M “7B(na ~i2(1+0.59) = 21,190 Namm=~¢ ; : egg 20.4 mo 
er 2 2.0teli-v2) pb" _ o.0set-a294) 0.270(1009" =) 39 mm 


may l[t“v E43 [+057 (206 1, 000 (30, |)* 


3.8) p, = SFipl = £.00(0.270)= 0.5¢0 MPa j See table 13.1. 
Mer =: pb* _ 0.540 (1000) = 20, 770 N.mm 
be = 33 Ga) ~ Bar 105)" 
2 7 
Mac =0,009 pb (I+ 2ara* ) = 0.0090590)(1000) Ti+ 2(05) ~ 05 }= 6990 N.mm 


M= Mge+ UMac = 20,770 + 0,29( 6990) = 22,900 N.mm 


| 
| 
yes 2 (ELEERO - 20) mm 


A 


_ 0.032 2) 0.270000)" _ 
max = Ty a ((- 0.24 ) 505;000(22.1)7 = 345 mm 
2 SM BF 
Let, MeMyryMgczagR bey) Table 13.15 Y= nr eG 
Ad a 12710 7 
iy = petty = ea a aay = OTH Ifa = 114 kPa 
0.16 b’_ ol 2) 0.0744 (1SQ0 
“may = po bes (I-VI LS = 7 ll- 0.29 ) Barely 2ul nm 
13.10} We want to show that 
wr POF 4A, +Ao loor +B, F°+B, re logr 
> 64D. 2 199 f 1g g (1) 
(sa solution of the different(al eguation 
d° , Ld dur) _ fo | 
( 2 eh He+4E#)> D (2) 
l . 
The first derivative of £q¢.U) ts 
dur_ Por? 4 2) 
dr éD +Agp +28 +2B,F logr+ Bak F e) 
The second derivative of Eq, ft) {s 
2 p2 
3 
Tee afer 33 + 2B +2Bo logr + 2Bar4 + Ba (4) 
Sabsti tate "Eoy G) and (¥) Inte Eq. @) 


2 
Sos £ AGE + 418, + 480+ 4 Be (091) = 


| fo, - th » bo, 18. & (veri fied) 


For @ sold circular plate Ag= B20 wp &g. (13.73) 


Pot” 


ah = +A, + Br? (1) 


From Eqs, (13.74), 


= Mer = tee + L(y ag) 21+ Y) B, + any er C2) 


But 47-2=M,20 at rza 


y 
Po& +A +§,aQ° = 
Solve for A, cend 6. 


B=- (3+v) by @* 
1” F2(j+wD 


¥ 

~— Gey) poh! — Pye? _ (5+ @ 

ar ~  32(4Y) D 64D ~ 64(+yD 
Subs ti tate, Frese into E45. GQ) and @) and into 2nd of Los, (13.74), 


bor? Gupat Gryjarr _ (£) [SY 6)? 
~ 64D ETD ~ 32(+u)D = <fi-¢ Ey [Fe - (E)'] 


Mrp =-D Fe(wy) GV) BoB" 5) Bat! PE 28+ VL I-¢ (Z) *] 


“20 


pes 


B20(ew)D 
-_pfwr __ phat? 23+)ea2 , 3Rot® ayG+v)Poa® 
Mee 7 Of Pr +Va4,]= OLS 3204 YD +Vo=> 16D 72(itv) D 


= = Fea! [3+v -Clesv)(F) *] 
3.12] £5; W) anc C) of Problemiaitare vald 


Av (a) = fea" a +A, +B,a°=0 


“e(a) TEs + 2B,4=0 
Solve for A, and B,. 


p< - Lek. A. Bea! Boa", Bea" 
- 2 32D GYD ~ G¥D 


Subs tita te these into £4s. Y and @) aboue and inte End at £95, 3.79, 


en Lott, Poa Ahmar? | Poa?) CE)" 
"69D" 69D “69D ~ 64d 


Mrp = -DE-2tirv) £8" ONES, 1-45 Loa [i+ - GrU)(£)*] 


| aya? Pot? ey loa 
Mee =-OL Srv el] = - Of Bs 520 + View ~ eybes") 


= - fa [14 -C+3u)(E)*] 


IB.A3 | Start with Egs, (13.77) and (3.78). 


Vets) =-0 [18 28]-0; B:-48 
r fe | oO; Bs 8D 


M8) = Df lip i +20, (nv) LEP [zee ele log b] + Orpee Cree =O Uy) 
wt (a)= A, + Az loga + Bar Bab a2 |oq a+ BS = 0 (2) 
Mp @) = -DS-(i- yee $+ 2B (ity) - Lab Tsay a(iey log a] + Gtk? 0 ae) 
Elim in ate (eb, 59) BE] from £9, W) and y 

~ (joy) Bg — Pie og by SOP U8 % Pees Cies\loga] x SORE 
Apl-yv) ae Gr be (ba *)+ fe Buen log f 7 
tes TRG + abies bo 8 = 25 sey - ED) 


Substitute this value of 7 into ke. Uh 


, UYBAS Caf leg £ sey 2, ab? (3 +u)p, b 
2B, (i+W = “Wp ee (eet aT Fy +2 bev alley) log 6[- ZB 
Be (F {log a - 4 b) (4) 34 y)  __3ty , 1996 RAV 
B= 3D UG QU] as)?” enh EP Vom er j 
_ ea pea (Blog a = — Gei{S)™!] : 
* (@)<- (f HTH YE)e 
substi tate values of As and B mto &q, 2), 


Ay =~ PB tog a fil Go) ass Jog a -logh  orvillB)~ cul 
7? CYL ie = Hl ee "90 BPE vd 


+ ee a Jog a - fo 


5 Ret f ish oa Bina (sees , (E)'1og 2 =log bh _ Gaff *1] tf 
1 liye] NG " eEFG™] sheng? * 7 
The deflection at r26 18 given by Eg, (13.73). 


y 
so (d) = A, + Ae log b + 8B,b 2+B,b “jog b + Feb For $<2 


A= Be 3 (0 19298 log a + 0.04167 log b +0175 48) 
Aer 2"(-0, 187372) 

2 
B, = 2o3"(o, 166667 log 2 - 0041067 ley b-0.237963); B, = - Ponte) 


a’ Y 
sete) = ‘beg (0.119694 +0,19 7370 log a -0.187375 log b) =O. 24977 2 0.6819 Be, 


2 
(From Table 13.2) 


3(0.6790)(200)* 


¢ (92.0) - 15.9 mm 


2 
= 4-( 2 _ 3 1-0.29W0.69G(200)” 


13.15} From Table a 


=0,.236mm 


Omay = Ow = £(G3+v) Tz y P= 60(9.80)= 588 Kk =0.59% Mf 


_ (30+) pa® _ 303+ 0.20) (0.589)(150) * _ 
n= [sGzzlest = Se hom 


- 2/4 pat 3(/-0.20)(5+0.2ZON0. 988) (1S0) * 
may = Tg UWS Ts = “prea saelaynys  20bL mm 


13.161} From Table 13.2, 


2 2 
G) Omay = Frys = Sp tare = He {76 MPa 


AV May = * (/- WS ry) £4 ese ~ 3h <2 PU SO. ZHU 58) (@50)" = / 2ls nm 


16(200,000) (25) ? 


(o)Onay = ¥ = Bry) 


eye _slaresy* 
Py = Heajak = Fl3+0.29/(esa]? = 204 Mfa 
Py _ 2.24 _ 
SF a 2 5B = 1.62 
Use Eas. (13.81 ) and (13.82) along with Table [3.3 
a _ 300 
> 7gG5 7300 


2 
etna i = 21501000" 195.5 MPa 


a’ _ 0,293(0.10)(%0)7 -} 489mm 


MWinax Ke E53 Eh 3 = ~200,000(0)3 
(b)Omay = Y = k, Py@ 


é 
= y= qEaE = 2100 = 0/50 MPa = {50 KFa 


x 


2 
ERE - tee = 205, beaeege = 291} From Fig. |3.15a, we read At = I, 


A 


_ JOE’ 10(200,000MeS4)”_ 
Po =a = = aE Q,320 MR = 320 kf, 


~ 32 
Pas Py: “so = Jor Kk Fa 


(GIS | By trial and error h=2.0mm; SF=32 1.50; 
by = SF(p) = 1.50(73.8) = 10,7 Ka. Calculate 


Gaé 
for FR > ZOL From Fig. IDNSb, we read Bars 1 210 for —= tar. Ll. 


7 2 
Pya? ono7ieD” | Ye? 2727. ie 
EhY ~ 72, 000(207 ~ 25.0 and Eh2 ~ 72, 000(2.0)? 213.5 


Enter Figs, 13.15 ~ aod 6 ) Pespectively, with these two values 


and read same values Lon ee ind |éating that h=2,0 mm 


2017(1270)~ 
D2 Plena, -10, 3S From Fig. Bib & we read “24237 


2 
for ve. > (0,35. From Fig, 13.16b, we read Eeal. 22S" for wees, 


— 25Eb 25 (200, 000)(12.7)” 
Py = qr = 7270) = 0.050 [fa = 50 Ka 


May 2 37h = 2712.7) = 479 19M 


Tat foistiera)* 


207 
2 Ee” 200, O00 (27 


= Bt 103,F Me , 
ama 
we read PER 2 2.28 for Gals 58. From Fig. |3-lob, we 


read pars 7 for pee 225 


= 5.18) From Fig. /3.|ba’ 


p= 16 Beep ooal ed" 0.014 MPa = 14 KA 


The ratio of Y tod 1s 200 while the retto of Ay td p 
15 257 The Two Fa T105 “/OuW4 [df have been the Sain e for 
a /inear problem. large def/ections make the pra blem 


non linear. 


13.22 


Ja : _evi(ien)” ? ° May 
ERE * Free Seo onetee 4.01 From Frg, IS.16Q, we read et 
¥ 
for Gar = 3.0, From ae /316b, we read Ba. 
_ 364% 7(200, 0002.5)” 7 
P= ar = lien = 0.076 NPa= 76 kFa 
a My. a GBS 
Ps se = 3796 = 22 k Pa 
2 yee 276(1e7)~ 
SF ~ eC = 170; oe 2 = Be ene IES; From Fig, IZ.1ba, 
é . 
we read nee 2 5 for 2 ISS. From Fig. 13-6 b, we read 
fea’. = $2 
one a _ $2(72,000)(e)* _ 
Pye “ga = dy = 0.270) MPa = €703K Fa 
oy 2903. 
Pose ~ Tea = Se ke 


; _ 
a = 1.00 , ji: Jig = 4.00. From ig. (4-10, eT EIS 


f.2 | 


(a) = [.00, £- J¥=200, From Fig. iy.10, dee = 227 
b) | = 1.00; [B=m 100, From "19 Jd.t0, Secz 2.3 
ao 

| fa = =290, Bs: ViG=%.00, From Fig. 14.10 

@) Seerr) = 3.9 

6) Sec (Mm) 73.2 


[ype ey | 
Coe bP PE* (Bo. JE 52 
}P = x85 = 1.65; /: /$8 = 5.22. From Fig, (10 


a) Scepy = 2.7 

(b} Sce(m) = 2.3 

IC) DSec(T) = 2.! 

By Fig.C Table 1p-3,and Fyhy Al = 2? = AS mm, Ab = 107 AT * Comm. 

(Also h = 20 mm) Theatre (= = (00 and [ze -[Z =1732 
vg Cornet S br® ceate — Fig [lO ure obtar 

Se. = aeb8. by cS foot “ Epa ¢ 0, Gah = See tno 


Ot = Tomo = Tu iS = (op) Hesse. 
mo : Sets Te Also, G, = SPO. 9, = SF Get 
Therefore P — {2b)(h) 


1esigh (SOY See) 


n p = (B00. TSAO - = 47.97 AN 


desrpn (3. S) (4-68 


Let €= 0.00[00 be the strain at the bottom of the frosve 
and let &, = 0-00032 be the strain far removed from the £ reovc. 


= és = G.00100 = 3,125 
Ea. C00032 


The load id Ks Frven by 
Pa 0,A= EGA = (200 x 102)(0-00082)(TT 100), 


a = 2.01 AN 
3 
By Fig. Pty. 7 Ly, = + (s1)(202) — 2. (S0)(10)~ 2(srno)ly'- 9" 
= 33,325, 000 /boly') +14, 000¢'— 25000 
Pr y'= $0, Lso= 31.30x(0° mt 
Fr y= 7S) Lp, = YAS KIO’ tem! 
Consider the stress at y!: Fy Limit Ly 
For Y= SO Gimit = 120 MPa. = GDM CSE - Thebort, 


31,30 x0" 4 


M= 45-04 Nem. 
OV MTS) « Mais. an 
G.0) ; Mais. tb@n 


‘27S : = 
For oj 4 7S; Orimit = }2OMPa ae aa 


Check the Stress at the outer fi bers of the beam - 


; > _ MCI) - Ma B7.SERN-m 
For ¥'= $0, Oimit = JAOMP& = 6) 


rs 0 -.-4 = IROMPa= 
Thus, the Isimicting vinment 


stress concent ration at the dri lle 


thst thy Concent Nas dissipated at the ovter 


fibers. 


Oy = 303-G, = 36 75)-C20) =-205 Mf 


Om = 30, - G2 = 3(-20)-C75)= 15 Ma 


ie 
5 i /. = =e = k * 
COTA Sommer =5, X0° 0.2027 rad 

$inh 2%_= 04167; Cosh 2x92 1.0833; loth 2dg= 2.6000 

e 7% - 1.500, By Eq, (14-34) 

~1,0833-O.4167 4 fe 20-18) a 4/67) 
60520 = - 7 BEB = 0.2855 
~20*75 


6-067%06 rad 


By &@, (1438), 


20 
| Snax = Geimary = BH, = - LEE G+ 2.6000 go Bae: 


By £4. (4-35), 


Cos 26 = 1033- T8535 20-15) (a, W167)" = 0.3926 


B= 0.5837 rad 


G =~-0;+G B(iwe #)=- = 7 + POry = BF 
02 G(112$)-E = Py 22. ie 


(ieell | Jake 2-axis along QAXx15 rae vessel 


_ po. _ p0 
Joe = Pra? Ozz - “A = OBending 
The bending eo at center of pressure vessel 13 wt 
emp a So 
where s-2 Since C2 Ye ee [= 9 


i; Ogending = = = erga 4) Be = 


For small hole at center top’ Ps tank, 


. a A pl? 
Omar = 3569-Uee = 5 SF 4p Fe 


(cont, 


Fa aamall Lurk at the conte Bitton of ten, 


— 3.31 S,000,000) (bd) 
10, [¢o, 200 


0 = 291.7 MPa 
Tt = See 1s 


= 4.1 (30,000, 000)(GO) 


40, 330,800 


aa = I18S.7 MP4 


aa (Zyaze = 145.94+236.] = 382.0 MPA 


> 14S.9- 236.) = —-F0-2MPH 
270 
(b) Tag “Tz _ 3920—(- 90.2) 


a Zz. 


pe 


= LG HO-GPHG-G) 
=4 ies2.0 £10.2) 1392-1) + (40.2)” 


(c) Coct 


Cap = AOU. TMP K Cima = 236- MPA 


Bug Fig. a auk Fig. 1-16, wt treme fo the pilot 


2 =iimm, d= 50-22% = 2g mm, aud t=P=/mm. Houce, 
Pid = 0-393. Then, by Fig. Idle, 


Seg HS (0) 


For thy erretan holy P=itmm,d= So-2f= 22mm, and 
Pld = 0-636. Then Ay Fig (4M, 


See x Al (b) 


Fn Ahe hemrcnntrhenr ) d=25 mm, P= (Sd-29)/2=12-Swm, 
and P[d = 0-50. TAen, beg Fig. tu. tb, 


semicircular 
groove 


p = 11mm 


Figure a 
Sec 1.53 €) 

@) Te Aster mene when pal] prot oceunt, wt calrulete 
Fin Abe Ltt, S.. Feet = Y Stittee 1 0? With ERG), and 
V=27b MPA anh Aiduces 7mm, 

Peitlet =QTbx10*)(0-029)(0.007)/1.5 = 36. 06.4N (d) 
Fn ty circubr Iobe, Sec Po = Y Ahole wilh ep. b) ance 


hole 


V=276M Pa and thichnes 7mm, 


P= (a7bx10(0.022)(0.007)/2.1 =20244N @) 
hole 


Cont.) 


Fun at AQZWACLA cul qaorre, Gre Fenaont Y Aarant 


mn wth Ee .O, 


Frerne = B76x10°) (0.028)(0-007)/1.53 — 3/.59AN ) 

Compares of EGo. A), ©), and {) Abunrd Ahad ap il 
P = 20.24 RN. 

(L) Ue Amine thy asclirn that fired becomes fully 
flrilic, we caleulte the free ep ugrunmpte cau 
Loch a2ihign ty hecome filly pobattc Thue, 
fo Ale ft 

Fep = Vv Ay stiet = 076 x10)(0.028) (0.007) = SU.lOAW (2) 
Fra Abe erreuden fle , 
Vee= YAnole™ @ 26410") (0.022\(0.001) = 4assoan (A) 
For HA, Momece, / 
Fee =V Aerorre 
Commande of Efe. QAP @ ebrws Ht the 
Astin ot My crreuler hk 4 Ho prt As 
Aecome prlly pbict. fn a lrad P= 42.50 AN, 


7 
= @76x0")(0.928)(0.007) = *&. 30400) 


(A) AA win thy goblin of reblem 13, Hoy yelp 
{haf 1 

Feetee ~ 24 06 RY aud Ersme= 3LSFRN (A) 
Neu flor the ole urith A diameter of 26mm, 
f=t3 mm, d= So-26=>24 mm, auk S/d = 0.S2A. Then, 
Ay Fig Ilo, Seow 2.1 and Sah = VA, 02 


Cole = B76 x10°Xo0-026)(0.007)/4 = 23.9ZRN bp) 


Pellet = 36.0LRN >P,,..¢ 3 57KN 7 e= 13-92 4N. 


[tone, apthig oceus firel at tho hae fon o. hood P= 23.92AN. 


(L) Mh = erde fer Hho Pill anQ the prrare romturn 
2h lly lite lve fae 


rblom.1W.13); Hat 2a, for fly plait: Grdihing 


Fee inge SH IOAN 5 Fem Poeeve= 48: AN Lc) 

New bar Lhe Duk, 
Fa p= Paate= YMnaie AT! H(o.02t) (0. 007)= 50.234N Gl) 
Compearaan of & $e. © ard @) bye Aut Aho frat 


Aacirn becom: fully plastic ia the grorve Arctign 
fr « dood P=4¢¢.30 RN 


1bl5 By Figs. Pie13 andy.jt), 2 =10 mm, d= K= 40mm and 
Therefore p/d =0.25. Then by Fig. (416, See & BAS 


t the reduced sectim, G=F-P =P 
his re vce ecbl oy, h figtes) = Too” Thus, 


the mairmom stress fs Tray = Suc = (2.39 P - 350MPa - 
00 


Men, P= 30 x 10°(Nm?) x 16 2 mm Lat 248.9 AN. 


AAS 16> mm 


By Figs. Piety amd [G16 , for the circvlar ho le, Pzlo AM | 
D=H = |2omm, d= 120-20 = Somm. Thefrx, P/d = 0.20. 
Nence ) b y Fi 7. 1G-1G, See x4.3. At the Circvlar hole, 

- FP. g0000N = _ _ 
Tn ~ (d)20) ~ (Yop)C20) mm* 46 MPa Therefore, Droge ce = 
(A-DC40) = GamPa of the hole. 

Syn: larl for the fillets, f= /Omm, D= (20 mm, 
d=h=/00 mm, C=f=/0 mm, and P/d=01. By Fz. 14.16, 
See so a Ay a Qt the base of the frllel Ga = fF or 


In = rama 4oMPa, Therefore, Oma = Suen F 
790) = Tob MPA. Ths, Trag® GAMMA wt tHe hele, avd 
(i 79 ) On ag = 71.6 MPa at the fillet. 


Since Hah +2? , 7 =9- 20h, we have P/h = 0.20 and th =hy 
There fore, by Fig. 14-25, See © 1.99. 


At the fillet, Tmax = €E = 200x10710,0008 = (60M Fa. 


Th 
ehomimal stress is dz = Me _GooNsom\sd¥ n 
ct Ned ae 


CT, = 84-88 MPa. Therefore, Grd - 160 =1).33 


fn 


It. 
By the stra measurements, 
At the gage removed from the notch 
G, = EE: 72x10! x 0.00[ = 74 MPa. = ie ; 
pa 


3 


Ob aeal =72MFa. Hence, a ZTAN. 


Ou = 4S MPa = a bh = IRS am, P= 15mm, SF = 3.50 
I=  (60)(2se) = 73125000 mm*t Since P/h=0.12 
ond Hlh =250/125 = 2, Fig. 14.25 gre 
See % 2-0. AE the notch 7, = GA MC/F 5 Mz |. 6F, 
c =h/Z = 62.5 mm. There foré, 
Omoy = Ty = 45d MPa = SecIn 
“4 So MPA = ss saicseaiaiaialinnl 10?) 


Therefor €, 
P= 50.az kN 


= Ge(SFYMC/L or 


ond - $85 


7-4? = 9mm = 3p 4: 3 -0,060 
From _ le Sec © 2.55 
See =9(See-I +1 =0,835 -1) +1 = 2.08 


_ WA _ 44) (sa) 
har Src 7 oe ~ 8.08 KN 


In Bending 

See =9 (See! = 0.8 (33-141 = 2.89 
In Torsion 

fee aee -)+) =0,¢(2)-i)+/= 1.89 


T= ho _ 2.84 (15, 000,000K60) _ - 261.) [Pa 


70, 180, 000 


T= See as — _[,88(30,000, Cagl6o) _ 166.2 Mba 


20, 360) 200 
eT MEM Ge: 208.3 Mfe 
aie 

e283 
rp 0; BB (22 = 2.449 


From “he nomograph te [4-10} , Seer 2.57 


LE 4 2093 = = 333.8 Mla 


- 2 
a 
— 


~P _ P| fto,000 
In= 3 = Bag = 2G0eg 147 Rs 


In Fig, E ih-4a E*206.8Gfa, thus, 


On 147 | . : a 
e 26, 856 =Q0007/) 5 Equation (/404G) gives 


a. - 
Omar Emay = 5 On En 2 2S (14Yl0,0007//) = 0.65 3 
The intersectian of tAyy equation with the stress~srrain 


diagram IP Fig. Fiu.4a Gives nay = 250 MPa ancl Emay = Q002S3 


_ Umax 252 _ 14 


1497 


Sce 


24 
“Fi = Umax 258 235 MPa; - 2. E55 - 
1 See ~ Tio ~ 5 * 206,409 ~ 9.0030 


Omnay Emay = Sa On En = 2.5% (235H0, 001136) = 1 664 


1.669 _ 
Emay = Sep 7 9.0065 


| 15.) M 
O=5 PH = 40005, 500,000 NEY) se (1923 
0 EN 181,900, 000 (79 7, 


2 2 
T= Unay =n = /¥5 = F G.[Ej+C? = 22% 100, 000, ob EL) +101, 900,200 


P and) CG. re lt. TAGE u6T 


C= a i erqe iss oF 9 end? = 7a 
Op = Tmax 20, = £e/((G7*2 & +(e? 
r= BG 
Ts TAB )G = gp 7% 

19:3 10, = Te = Lh ler: 0.00008149 Mx (Ma) * 
-T= Oy = = 4.200, 200027) _ 200, 0006 2) 49,89 MP 


For T posi tive, OG = Umax occurs for O negative 
=- t + 10000 =-0.5708 rad 5 26-2-1194/6 rad 


— 20 ax | 2(-Y8.8Y 
Tan 29> ~2.1850= Ge = “Gea 


HATS 

~ = 549.8 Nem 

Myx = 0.00008149 

Ou = On Cray = Ge [BY +0? = eae (BIS), 48.39" 
= 76.14 Mfa 


Mc 
Tee = 25F AE = 220 a nae 64) _ 147.3 MPa 


ms 3.00 

C eg 3. ‘50000 7e2T (MPa) 

oe = 0, 2150 = oy / (S2)i 7? 113, ((ug3)* ce 
T= 70.0 MPa 


= So0000 762 * 8.98 KN. m 


782 = 0.00001303T 


= 70.0 . 
0,000013903 — 2,37 kMNm 


[15.6]. B=, 20.0605 FU)=1195; Ky, = 23 (aati) = 23 1000 (MPa 7m) 


_  Kre . 23 M1006 | Mes 
O = eH FO) = ORILIIS © HES 


pe OA = 114.5 (3)(IS0) = 1374 KN 


Qa. G  _ - ~ 
© 2 7R 20120; HW) = 112 
_ Kre _ 2371000 | MP. 
= at) > wre el 
9 = 0A = 1221 (QUSO = 146.5 KN 
9,2). 59IN Wme OO 
area = (100 *- 84°) =2310 mm 
A=z=75O0 mm 


C= (445 mm 


Qa 250 _ 
A ar gq, 5 7 29819 


FA) = 1.0f 
Failure #3 brittle fractare since both a and phick ness 15 grearer 
than 6,7 7M. 

Kic_ _ 23 i000 = 49,4 Fo 


O* ata) asTm(LOl) 


p2 CA = 148.4 (2310) = 3428 kN 


Since both a and the thickness is less than 311, the faslare is 
not expected to be brittle fracture since Kr is greater than 
Kre.- The lower unit fsp the fatlare load 1§ ob fained by 


assuming that Kr = Kte 


K J. 
Grower hit = gepra 2 1484 aye 9768 Pa 


F, = 04 = 496.8(2310) = 1.148 MIN 


ower limp 


HA) = 1.033 
Kee = 59 (11Pa Vm) = 59V10B6 (“Fa Vin) - Zoe fa) 


7-4 | 2 | 
m2 2te? Kee _ 2(60)(302N59VI000) _ 12.97 kN.m 


— Bat Fy) 3 VBI (1.053) 


3 
ret bh _ 100(2so)” — 130,200 coo mut 
jz Tz. 7 


MA vi. 2F4 C130, 200, 909 _ Zi). 44AN-m 
y= }2s 


_ My _ suey _ 
M = ~sF_ ~ 3.00 = 103-8 Bit 


PE =M, o? P= 4M = 4(103-8) _ 103.9 AN 


yb. O 


K a ) 
M . (lscomm l)= gtc*Kre _ Alsooyi2s) (2401000: 
°C frower) 3 lar 4) 3 Vaan (1-02 


= 107,760,000 = |500 (€) 


et r= x-4. Then, Xzree. Subeb tation of x= 1+4 


soaks PG fe pee ep 


oT (rte) _ ~ Dia 


%y Terai © Te © 
Wwe Mane 


Tira _ kr (b) 
yy > Yarr Vane 
tome Ke= oVae. " Epeuctin Aa the paiat of Epa: (15.23) 
b) Fu p= 0-020, ER. (ib) -pictlhe 
. TUT _ 
Oyy = Yam(o.o2a) 028) ~ oo © 
By EG. . CU S.22), with K = Yt&=/].p2a, 
To, = ao = $.07¢-70" () 
By Eps (lark W), hy freed Not iA S.OUT~S yin) = 1, “7 2 


S014 
Foz y=0.068) E¢ Outs, 


oo 
> 2 ager (e) 
YY ~ V200.06) 


For x2 r+a=l.06a, EF (8.22) yields 
TL. 
Fyy = F064) 5s nig g- \ 


Vota a 
By Efe. Dardbf), x2, ferterterret ig LOSE yp = h.zysy 


Fr Y=0.10a, Eg (b)peth 


- . 
Dy eK ZBET 
¥y ¥2(0.10) @ 


Iz. = FU.1va) 


(Crtooy=a™ = &. 400 J~ (h) 
aa €2) DO) oe perrcout emer it AUod - “223 yi9p = 6.939 
aiid oO 
C pes crab r) w And ep .C1s.20 
a, of UMA ey Nehl, op CIS. 22) 
(A) Og Aabl, IS. 2, Cote, A=4S mm, C= 75mm, A= e=0.b. 


‘Renee, wath J = 220MPa, Kao 7 Tira. $0) 220 I (0.046) (130), oe 
Kre = = 107.5 MPa pr. 


(b) Fat an infeuilel, wide wtet (Tape (S+2, Coae 1), Korma. 
Hence, at Lrachir Ky =Kr, aud 7 Kee. = lo7s 
a 


- Tapa HOM m 
7 A flake 360 mm ure wilh a Fomm central Crack, Cade 3 
MALL. 16: 2, A=4S mm, C= Fmm, \ = &/e=0.S0. Abe, 
with Kr= Ky, od fs 1.14, 
gs Kec, = 07S 
an V77¢0.04s)¢/.19 = 440.3MPQ 
By. Fig. (5.26) aud Uphh 15. Z, Cateb, M= Ew) =PW:o.12P LN-mi] 
A= oO. 060m, Ac= We I20 mm, A =e =O. So, By Cae 6, 
Ff =162. 7 
g= Kee 07S spe. emia (a, 
Vira fir. 5'C1-62 
Bas, by Case b, with t= B= bomm, M= PW, wehare 
ga aM = BPW. 3lo-12)P (b) 


TE oe eee oe 


7BC* = 2bBC* — 4. (0.060) (p.060)* 
Thon, bey Epo. @) and by, 
P= 1934 AN 


@) From Creblom tS.lb, Kop = 107.5 MPalm. By 
Ep -(IS-), with Y = $50 MPa, 


25 (Kee) = a. 5 (07s ) = 0.04m 


Nene, B=ob.0b6 >0.04. Th, Lyre, a of Hp 
*f B= bomm 14 Au ffiriout Je tik 
() by Eg: (1g. 1), ure aunt Hove 
Be0062 2.5 (Kre)= 25 (1028) 


Y 2 693.79 MPa. 
Th Aninirmume Agruieh ill) alii ia Vi = 643.9 MPa 
IS-ILOFH Qz=smm, A perce 20 For Aone loading Oe 
Ce tn Re) 
7H L fy + 2M £0) = gFeocias) + Haask(,02)» 0.02303 P 
Kic Sede = sq Vivo (Kic= SIM 000 fron Table ae 
P = 2¢Vice = Jou 


0-02303 (St 
) Fraeciomm, r= sa 0-20. Fre onecin Lived. Cate Yb 


of Tale 15.2, fp 21.37 ile at oar “. 
Toh 15.2, F,Q=1-06 - 


eae aae 7) 32SP) (06) = 
TION = sae + Stas 06) = 6.023997 P 


_ S97 hoo 13. AN. 
P= 0-02397 Vio 


OL 


@) Note that the crack length aand width of 
beam t both satisty Eq, (15.38 ); theretore, plane strain 
conditions are sat/stied, 


B) Kic = ave fa)=17VI000; M=LES since Ae 320.10, #U)= Loe 


gece ke _ 9(eN(752 Joa) ) 
P= LATER) = 0 Ey (A AN 


@) 4 >b6.7 mm Plane strain condjtons are satis fred. 


_ 8te2 Kic, gas 2)(e3V1 000) _ 
) P ~ 3L fat) = 3(2000) MIST] 02) “LS AM 


p 6 (000) . . - _ KS | 26%i000) 
37 7 = Bea 7 150 Ma; Kic =OVira , B= ree = ay = 7.56 7 


2A = 2(7.5b)= 19.1 mm, a)t > 67; Ea. (/5.3% ) 15 satis Keel. 


~ Kie _ 26V/000 . yp _ pp 
ira “Vase = 17° Mfa =~ 


- L0G -~ 12.9 1p, 


1000 


For aA=e@emmn, A= f= £80933, For tension loading (Case ¥ 


of Table 15.2.J, 4O)=124. For beam loading (Case 6 of 
Table [5-2 ), #,lA) = 1.02. 


= 3050 P} _ 
THA) <A) + 5 seCz soca Feld) = aoeo raGou HEU * Zoom) = 0.000 478 
Kic x cial Vita = 93Vi000 = C000 ¥7¢P Year 
GRVI000 ___- 
P= ~0.000978(V2eT) ~ 656 kN 


3 (122 P) - 
TF) * saPagy (hed) + sALlB2 A (1.02) = 0.000 414 P 


3 vi(O0O KN 
P= 0.000 HY (V2E Tr, = 157 Ee 


(a) To check whether or nét Ke = $s MPatoa ts invelid for Kres 


we need to check the dimensim SB of the test specimen. Thus, 
? 2 
: K Zz ; 
Bza2s [ Aes/ = 2.5 [3% ]" = 15.73 0m Thos, since 


B= 12.7 mm, Ke #s not valid for Kro - 


(b) The maximom yalue of Kroc that can be measured 


IS piven by the condi tion 


K 2 
> 2. jae. 
6.01272 2:5 C89 


= £9./ MPatm - 


ax 


Kee £1491 mPatmr; or (Kze), 


for the material rs therefore 


«) The geet Kroe 
oe 


greater than £91 MPaim and less than $5 MPa. 


Hence, - i 
4q.t mpavm < Kre cactoal) LES MNPata - 


rf we use an Average valve L (4414 55)* SA2MPatm , 


we will be accurate te within 6%, since Ea=tE lg 00 = $:N 


and SES* x 00 i GOP E 
pom hl to $§ we need 


(d) Lf the range of Kxc is Ff 
large. Therefore, 


to assvre that B is suffrerent ly 
BZ 2.s PEE] = is.72 mm. 


16.1 
SFE 2.20(16,000)(4) _ 44,820 
Try = aera = Zee 0 Mba 000NN | 44 SEO c14pa) 


Onain = =e Cmay =-0.625 Omax 


Omax - Umin = 20% 5 1.625 Umax =2 
ts 1.21) 0a Om +08} Om 


2 - 
5 Oa + 2b, 036 (a 4 182,736 = O 


Umax = 


Ta, Gn y* =/ 
Jam Tx , $+ 


dar BYTW1Pa 
Gray = 231 a= 231 (3459 = W521 
Since Umax 1s less than Y; the mode of fatlare Is fatigue, 
Gmax = ¥25.22 22529 

pe 
D-Wo27 7m 


16.2 
Ja = Om 5 Omay = 206 5 


Sa, (Ga)! 215 Or, + 1900 Ta ~ 19.0, 000 = © 
Ja = 270 MPa 3 Gna, = an = 2(290)= “540 MPa 
(ding, 


Since YU less than Omax 4 te mode of failure 1s general yle 


Omay= Y2¥F0= eho 


D29.98 mm 


ool) 
100650) $9(U0) « = 19, 250,000 mm” 


. M mir 
Open = Line EC mish Je. 2. 50(5,000, 00075) - 8.7 MPa 


19, 250, 900 
* Omaxy =Tm +0a = Uma +209q 


Om _ Fath. 
am Ju 2 GO 200 
Gmay = 29a + Uma = 2470) + #8, 
the mode of taslure 1s fa tig é. 


[5 Jas ¥70/1% 


72 1/92.7 {1 Fa 


Since Omay '¢ less than Jay 


Gmay 2142.77 Se(Mmax)e 


_ Omay TL _ 142. (19,250,000) _ 
Mmay = SEK) = SO 14.7 kN.m 


He ENTastabiliry theory for thin -wall pressure vessels indicate 
a t 

te pee ing 13 not @ problem for an external pressure of 
Tins = - & Tmax } 20a = Onax Sinn = 7 Umax ; max = Ua = Om + Ca 


oe, (Sm )* 2 Sef 5% J eI 1630g - 599,100 <0 
2 +(e ls Tag" fal Ta +3153 0a - 99% 


aint). smirk 
f farlere ‘is fatigue. 


Oa 2177.8 MPa 5 Omay = Z 
Since Omax (3 less than A the mode o 
D 

Cay = 279-7 = SFE 
 2hOmax _ 2(YN2787) _ 
oF PD ~ — 7(309) = B15 


Me _ 175 (500X8O)CNOY) 


7 14,000 


(Fa) 


elndt - 
ec Te . 17 (00 s5 aed 00 
tT aSFo eH (soa ssa) a 25 (17 Pa) 


a / . 2 2 

oer max) = 3 V2 Tam “+ 2g +60"; Jam <V0 +37 
1. Jars o00%+ 3 (245 100)" 

380 = py 713,000 + 3 (2%, 


d= {3.0mm 


16.6 
pas. SO0OVINCY - 120.7 sr (Mr) 


O-=5 ke - SF Tis) * 2) 
os SE S00 W1.5 SF Cth] 
Omay ~ Tmir = Onay = 29a; Om = Ja 
Ja Om\2 |. Ga Oa. “me — 5 
Tam (Ze =1 5 a. (SY) 5 e556 Ug ~ 184,900 =O 


Og =1925 MPa 
Omay = 206 = 2 (142.5) 28 OM 
Since max 13 fess than Ys, the mode of tailare 13 fatigue, 


loct (max) = 5/2 Tra = Jer +£T°* Omar VO “437 
29500 = SF/1Z0.7° + 7(41,59)° 


SF = 2.03 

16. fl esp fe _ 200(is0)(2 voo\(dNe¥) _ 7, 330,000 
= 5 T 7 7 La bee (fa) 
resptic'd gotsols0eeN. dNGZ) _ 4, £80,000 (4/4) 


Coct(max) = = +e Gin = "Eee Jam (543° 
be 0004000 (3 sea sap 


qd =30.5 mm 
116.8} tc 
20 
| Ome sF FE = LBC EEE 9. 1358 P (MPa) 
30) 7 
7 srte ze. 180 sce (G2) 9, 0509 P (Mh) 
tO _ i} Tras = 20a 5 . ee Op, 2 0.259 a. 
% 2 
Be (Be 1; B -(HB)Es; a4 ener -1ortyorse0 


= [ 250, ° vase 504.5 Mfa 


Since Omay ‘cee [05s “ar Y, the mode ot failure 1s fatigue, 


- £2 Gm Snax = rasg 2.60% Than -(o3e* 


Og = Y03.6 MPa 5 Omay 


Coc? (may) 


TOY4.5 = aa 


P= 3.42 KN 


16-9 | 
; Tse fle . 1. 75(SOPI3.H6H 
7 Io7 @rgrngt 


oF 

F2$ TE ve PICT OOIOGE oy A 
Ne Tae 0.2231P ((1fa) 

O, = 


oe MZy° +r? = QUST PE, p egy" + 022i" Sere 
Tg 2 
Z-Va) 


= 0.4057 P (Nf) 


Gp: [(Z)*+ c*>-0.09787 P 
(ore = ite -(-0.0987 P)= 67 P = 380 


Fee 25.7 WN 

When rhe stress Concentreticn Is inclaced, Omg, = OU? P 
where FP has @ SF=al7S. When the stress concentration 
1s pot included Omay =0, = 0 S04¢¥F 


Gi . 
Seg = PHBE = AOUEE- 3 196° Sco Geet) 11) =0.9(3/26-f) +] = 2.98 


Crimin) =2; Sim * Ia; Thimay) = Ti = 0-5044P 


Gr : Jam 
ag ide ee 28 127.5 (Ps 
Ona - Ona [%ne 
= 
-(Z na) "=| ly i275" Epes )*=1 Cha 25403. ! Gna 688, GOO =0 


ae 
Ona = 124.6 = 0.2522 P 


Be kre ea 
Sce(n) 79.85 (2.50-I) += 2.285 Scecr) 2085 (200-i)+) = 1 95 
O= Scecm) SFE = B28 2.20)(600 PIHEY) - z.203(200 PMIBEY) - 9 5795 P (r1Pa) 


TT (30) 7 


Ce Scot) SFE = LasCe-zoil a0 PUN2) = 0.1392 P (MPa) 


A 
may = 3" = = (FE Jee Es 
oop kame 


P=874%8 N 


16-12) Nommal Valves of J and Care 
a Ms. _ 0.378SP _ o.tb : acy Tes C1280 . 
= SF = 2 = OleloP; TSF ge eo o77P 


Gremax) = \(G = P? (gies 1660\* 40-0747 ~ =O NTP 


_ 6.23 os 2 = Zam = 
ce OBE 2098; Cam > Ee ~ 208 


aie 
Tram Fu. 


— (962 MPa. 
mere ie ~ 656 /00=0. Hevree, Dinas 
OT a Bene 
= 7 hk ” = 
a - = [66 AN 


16.13 | wrth the given date, amd Fig. Mt.16 of the text, ol 3 D-2/= 60-1025 
“ =F 20.10. By Fig Mtile, See AEE. Siice = 08S, Ep C1g-43) 
yields Sce = It KSce-N) = [H OFSCA4EAI) = 406. Since 
Zoay-T4 Aluminum Alloy 1S & datt fe material, the Gerber 


veletion applies; thatis 


on be £ ae’ = { (@) 
am Tu 


Where by Fag. (6.4 


= Frnt a 3 OhN = 30 MPo (b) 
Inc min ) A “C 09 (DO EIPI 


(Dares = 30tTH« (Y 


{| 
sy 
= 
= 

+ 

ay 


PAG, a: () 


Tin Comox) = Foase = Gacomn) 


A 
Taam = Yin ait, 7097 Me ©! 
Substitut Yee hi staat 
vbstivution of Fey, c) and ©) into Eg.@) gives at a7 es 


or Ore. + AGST.3 —220,000=0. ' Dax 75.0 MPO. 
By ERO, Orlmag) = BOF ACTSO) = 180 MPa, and thes, 


Fmog = Dn cmon) ft = 180 (0.05002) = 190 AN 


Cantsiwed ) 


(Ccobinved) 
() Ass omg that the stress Concen Liat fector 
need be applied only to the alternating conyponent 
of stress, we have (see the discuss tn Exauple 
16-4, fo Mowing &¢a Ce) aud (f)) 

= Tt Se Ga = OF (2.90075) = 285-4 MPa. 


_ ny MPA 
(= Cam 7 See Tae, = OF ~ Ape) # 74 
Oo CV 


Se. oye 
Fig. Plott and Fig.l, Ds drape a px Pa". B=. lomm 


= 120.25, and by Fig (416, See % '. 
i Ss ab sieH- 
(@ For statre loads ce the failore load occur. 
therefere ie Piaf 4 P p = esolicer & 294.7 &N 
RO eas ae iF 


"  &ayceo) ) 


eae 
d 


ly reyers/ble load , 


p _ (a8e) (1bee) = 2358 8N 
= 2 


(b) Por complete 
De Cee aa 
Tam = 78 MPa = Ycem 3 


Py Krob. GAG, Soe = IY. Since q fs Mt given, Assume G20. 
Then See = See = IT. Consider nom ral sfressesGe Fig. 16.4) 
@) 
Tam = Tramnyt Tra = Ina 


Orn Cmax} = Orn cmin’) +t 2Tna =O na a) 


Tmam = Zi = Fee =147.4MPe G) 
ee : 


Vince Ti is nok Given, we use Soderberg 's ve lation LEF.U6-1)] 


Tae Tim 8 | (2) 


Tnam y ae 
5 ubstrbotien of eg. Cb) and @) in to FR &), wt obtain 


tran ‘ Pa. 
~- mt -f nga= [03.7 M¥e 
147.4 350 sf ( continved ) 


(contynued) 
Ss Poe = Grgaf? = 2 (103.7) (1600) = 33!-8AN 


Cea retin Lbs bireusstoro wa Sectin 1, the 

So der berg peleties 1S Conservative fer devctr/e 
metals for predictims of Tia. TAS, the cae 
fai lore load for the member 1S probably Grew er i 
BBILBAN. See also the discvsston 1 Lxample ! 4, 
following Ef. ©) and ¢). 


Asin Prob. (6.15, we define nomnel stresses 
(A) 


Incmin) 
a = Tn conn) + Og = = bA.S + Ine (b) 


>) 
Orn can x) = Oncmin) +2Onw = —62:°5 t 29ma. C 


Caan = Tam — 280 — sy7y MPa @) 


_ 
— 


Ste a 


and by Soder berg's relatior Leg. conf 


Ona, 4, Cb&S+Tre) _ | (e) 
1474 350 = 


Oye [22.2 MPA 


Jam a = Tncomax) A = (B25 +2 Gha)h 
= (- 61.5 2x 122.2)(]b00) 
od ame = 2YI aN 


See also the discussrin in Example (6. 4, following 
E go.) ank (fF) 


By Fig. Pil. 7, Za H (49) (100)? = 3, 333,339 aan t 
The moment ak the fillet (s M= Soe P. Therefore 
the ina stress at the Peilec 1s 
_ Me _ (s00P)(sa) — 
Viet ae % 233,223 0.0078 P 
By Fig. P 16.7 and Fig. (¢-Aab » Hea BE Lae and 


=. 12:5 I aS There fore by 19 14.84%, 


ee 
h 100 
<= SB, and Gy 


= Oyn= See G, =(-58)(0.0075fla0. 0185 P. 


as 

With safety fr ctor SFa 2. 20, the uror kyo 9 Stress KS 

Ue = Umax — 240 _ O-ollss PB . Therefore, p= GUGRN . 
ure load Epeee 


SF 2.20 
The und PASCO UN is Ue fai | 
upon a Safet factor of a-20. 
By Prob. IbIT, Sq =L56. Srice pis not specified, 


S¢e Ee Cle. ¢ 3), let GF =O. Then Sce = ce For a dectrie. 
material Serberis pelation fg valid. Written th terms 


of nominal stresses, rae 7s 


—, 


2 
Lot.» (Gal 2 
Cnaw Tu 
Where (Fig. ity) =. Put D (b) 


Jam =, 220 ee 
Se. SB 3r.zure © 


ce = 590 MPa () 
y Linded ) 


n ved ) 
Substitution of Ego. ©) @) axdlf) nto Egla) gields 


& 2 
[39.2 a.) =! ov Gyr asw.7G, -346, 100 =0 


Therefore Cy a. = (32:2 MPa ane Lacomece) Aja = AC4-4 MPa, 


m 
On the bases of OW safety factor SFEAAD 
On conax) = 164-4 = 0.0015(2.20P) ot P= 16.0 RN. 


See also the drscossiau in Example 16.¢, following 
Eg0.(e) and (f). 


res By Fig, Pub. 14, Ts 4 (60)(200)7 = 40,000, 000 mat at the notch. 


The moment aT the moteh 1s M~= 1606 Fe ThereforS the 
nominal stress at the notch Is CT mS ooFki0e) _ y poy. P. 


6 
40,000,000 


By Figures Pb. 19 awd 1.27 wrth the given date, 


. Sw: - 
2m [.25 and ——— ~ 0125. Therefore, by 


Fig 14-25, Seg = 1.8, amd OF I. 8g =(1.8)(0-00¢ P). 
Weth a safety factor sFzl.%, the load PF ts prven 


b 


MM by, ~ “Am 


Pa 13.12 RN 


By Prob. 161% Sce = [.8 or with G=1-0 Sce =/.&. 


Also, for ductile materral, Gerber's re la fron is val) d. 


Hence, a) terms of penne. stresses 
ae (B= [ @) 
Tu 


Onam 
a 
Where Saor e.g), the aes stresses re 


U Comii Pi rs 
Tin rm 


Om cma) = 


Lz 0D _ C 
Tnam = Sina LP 74.44 WP @) 
a _ u7o MP4 (f) 


uo 


Where See 1s applied to Sim Oly CSeobrample 16-4). 
Substrtotion of Ege. (©), @) andl) ae ep- @) pels 


ane.\ Ge 2 

(Cae + Lae =| a J) +233%00,-22D900= O 
Thorpe Tr = IF MPA, Au with a safety 
factor SFa1-8, the load P & piven by 


a = AG = ANd = (0-004)6)F= 0.004 (1.9)P 
| = 6.0072P 
or P=25.53 RN 


See also the drscussron In Ex ample 16.4, follow tng 
E qo. Ce) and (Ff). 


By Fig, Plb-21, The cross-sectioyjal grew at the fillet ie 
the data Ziven 14 Prob. 16.17, 


zz 


A =GoHlto = 3600 mun. By 
FaA72 GPA, v20.33, Tg = 470 MPA, and Y2330Ma. 
Also, Tk in = ARO M Fa. and the safety factor Ig SFHA20 
t= 3fF BO) Palonwm) and 


By Figs. Pit.al and (¥-16, ee 


p/d = loo = % 167. Therefere, by Fug. 1G.16 
The Npiaiell stress at tne fi let 1S 
= 2.77610 FP 


ee oP a: 222 a yb AN 
Therefore ee EET S306 OT 
The desrgn bad #8 
iA 


des/¢y 


5 Es ge BU ($9,5 4N 
~_ SF g. a0 


By Prob. l6.al, Seg ali, A> 3600 mm OZ, 2 220 MPa, 
SF=HZR0, and CL = 470 MPA. bet gel Teg. Ciy-43)J. 
Then Sco= See. For a deetile metal, Gerber's relatin 


1S applicable. Lr terms of nominal stresses (E 


1S 


(ee) 4 Ton) = I (4) 


mam Tux 


where C Fig. (b.g¢) the nomrnal stresses Aare 


(conbir ved ) 


(contrived ) 
Daten) = - Ea =O (b) 
Ce — () 


oe 
mtamex) = Ontemsx) t2Gpa = AIna GD) 


m Ss = 7.4] = [1S 2MfA fe) 
See 1s applied t0 Iam only (see Example 16-4) 
On 
TZ ay “70 MPa Cf) 


Subititulin f Epa AC), and G into Ep @) prlhe 


Jon a. (ern 2, 
(. m )+ ate) | OL Tr EIIIDSG,, 22-0 


Ca [09 MPA, and C cmaye) a 2AC 457 Le MPa. 


The bard. 4S Fae bY P= Mga, = GI8)( 3000) 
= 734.8 AN, and the descqn Ibad 1¢ 


= 784-8 — 356.7 &N 


-_ 


design A 2D 


16.23} Uinow S= Ftp, ex dlo/t, 
é- V4 Tone 
GA) wth AL= Ao ko, wt fend 


T= HA and 


_ PL 25 (fotble\. slit th) sire) @ 
GS £ 7 Apd, > ( Lo ) “fe! 
ahh Q=f,r62o 0th, Dy fy ¢6to) — Ln Lite) (b) 
ae df . = = 
: [ at af} (=) 
: G aud S 
(b) By Epa He differences delist Ab 
Ly : ‘ Ahan €=1%, 22,42, avd 10Z ake 


Rete Se ban 4, by ERD, the difhowneee ean 
Takk. b. 


ns ekeeae nade 
Abe pies te an Eg-@) of © 1b-S qrreet $2 
derbed) Aye | erh 0-952l, me, Thue, 


~ 6-S$3 —OS7 . 0662 ~O.09 
=== (2N 2 
ex fel ¢ ) + 0.4521 (2N) 


O72 


E, =0.527(any os o.00651aN) OO" (4) 


Tene, the <rgae ever pragecrney a, Wlaioed from E52) eon 


0.57 79-0 
o.sateny? 9. soos egy 


v1 aney”*® « $1.07 No = 4741 coche 
Whaca arab Compares Hy Ni, = 639 eyels ob karnel using 
Ayr Wad avd Dine Cian An Exangpele [6.S. 
Fn 20 = ID eels, ERG) pisth 6, =0-00 207, compored 
te E, = 06-0020) ain Example 6.5, Alen, fr é, 20.01, 
Eg) pith N = 1049 to Wz 4 cyelee 
an En ample 1b. Mura , C = 0.10, ER. ger a 
Good 2itimal of Ge, 0 rrecrnabl ritanack fr N of 
[0° exyelea , hut neatly unheredctindte,s Ne. once, 
Dh aide: penges ey Cites aud train 2s Ep -(Ub-7) 
Ab fucdtisiable fn enpeneering aihine of ma ude 010. 
A isuilaly, frr € = 0-04, we find Ne = SbSDeqeb,, 
t =O-0d264 ($n an 10%) aud N= I/ 2b cychio( fn E, = 0-01), 
Comp anek ty N, = 6390 Cycle,,, E =6 0020], audN = I18U Cychy 


€ 


Cont. 


Fr €= 0.02, wt fend by eg @), 
Me GOO “Yeker, Ex = 0. 00202 (fer 3N = 10") ond 
= 156 Cyeke (fr & = 0-01), whuck, giver 

cen an ules dal spate opel 

an Eg. (16-7) 24 tenth fro? tn gene ng Migan € £).02(22), 
Frr 1040 élecf, aa forged, O7'= 1Sd0 UPA, & = 0. bl, bz-014 
C2 -9-S7, auf E= 200 CFA. Then, by Eg. 7), 

E, = &tG = 6.61(2N) O74 0.0075 NN)" = @) 


G@) Fo N =107, Eg.(a) -pitlle €, = 0-d10b0;Ep=0.008n1; 650 do2ses 
tn N=lS Es.@) apitlle, E,0- 001938; = 0.005801; be =0.D01359 
Fn N= lo”) £9. QC) yrebhy &, =0-00075u9, Ep =0-0000H206, Eg = 00007127 
Note tht 29 Ncircreasee Aly elactie dtiarn Ce becomes a 
Larger porcoutege of he Lyte! tran Ey 
(b) Gt AL, Crpdd — oer eels, N=Ne , Ger be + Hone, by 
Et @, 0.61 (zn. = 0-007S5CANY 4 
oL QN-\o 43 _ Gi.33-- 5 Ne = 13,%SO cyelog 
Macfie, Ae Hata! tbiain empbiledy pM 


Cre = 0.41027, 70)” “4 


a y-a heat of Cpe Aba helinen Uy valuse of Ex fr Nelo? 
ank N= 108 ag ik thoukd . . 

(C) Fr €& = 0-01, EZ@) 

0.0[= 0-610AN) 9" 4 6. 0075C2N)72 


'y 0-0075(27, 700)! 7 9. 003582 


16.24 cont.| Lh, aalitern of E% (b) 24, N=I3Y4 cycles. 


Nok Abat 20 
N= 000, Ne Isit oe, Ol 4 gnclher then E,=0. o1ob 
lak = Ib. Io). 7 + 1000 $n 6, = 0.01 (dee 


FES ag = 1p? [0% aad 10. 
“ 3S He, and 60 a fo V=l0; [05 arsed 10 eyebss. 
Q) Aine | Hex l cycle por accords; fa N=1000 cyche , 


ee ae gred) for a frequency of | He +1 
Ci? 7 = 1000S = 16.60 Aowra= 0.674 Anya 


Eps = 129 = jo q000 5 = 1666.0 eure = CTH Jaye 
~ 107 
t ~ = = 107s 21-66 x1D’ howe = 6144.4 days % 19 years 
(b) For 36 He regency, 
U3 = oe = 2¢.S7 S$ = 0.47bL Agusta we 0-02 day 
476 Z bow = 1.78 dary 


.§ Mrs 


Ml 


lips = 10 0008 = 2¢515 = 


tig = - AGETINS = ETL pure 116 daya 


©) For 160 He fregereney , 
tp3 = Oe = 6.259 = 0-lol Mou VY 0-0043 day 


tips = 103000 bsg = 10-Ub Rpwes & 0.43 day 
ty? = = w = 625005 = 1042 dpm © xe 43. 4 dayr 


The Manag Univencaf aLopee 2 geclion Leb 

Ep = 7S (FNS 0 S(G)NNME ay 
Where fo 4 340 annealed) steel CS. = B27 UPA, E= 2006Ph, 
anQ ég = 0.57). 


0 cis Eqawmple {6.3 srareg EF-Q) for 454 0 


keel we Lave 
Cp =O SEEN aul Ge = TS (SH)N 
aud by Ey = Fe, wre Aten No = 3365 cycle, Hew, 
by EF -@), Wey N= Me = 3365, 
E,. 29 0072 36 (3365) ”” > 1 9.356953(3365) 0.00544 


&) Fer an= loo (N= sxi05) , EE Q-pothe 


2 
éE,= 0. 007236 ($105) Ot so. 356959( 5x05)“ = 500163 


~ 612 


(©) For &,=0-01, EF @ yelhe 
0.01 = 0.007236 N74 0.3seg5e N7 °°; N= 7H8 cyeh, 
Cc he abort rriule with Attivee of Enamgele Ib. §, 
rane Abe vrelusaod Ex, agree foxirly well; hewrener, 
ailines of, Va bff Ay a fader of opproinatly 2. 
too Ep predietel By &%-@) for an = (0a 
19% hese Ahan tht prrebt de Exengele 16,5. 
Lhe, th Life eyhee prediilt by Ey. by fr &=0.01, 
Ad eae, voce LL hb rie gah Marifre 
it Abt Eg. Q) 14 mare conserpaliot A 


folipur hfe ; Mut ce ” pads fe eyes frst 


Zz, = [7S (=) Naar DS rag is (a) 


Rewirf Problem Ib. 24 “9 EGA). Fr jou0 eleef 
At forges) Su = 621 MPA, E= 2006Ph, aud E, = 0.93. 


(A) Dh, plailic, Machi, aub tA) Dhar anpltiche pr 
Age te N =108, 105 aud 10 cycles are Cobebted user 
E6-B) ad follywt: 

Fn N =107 
y= D5 Ef eN-OF = 0.0075¢7 


_ $ ~0.12 
Ee, = 1725 (G4)N~ = 0.002372 


E, = & t Ge = 9007959 


Foz N= 10° 5 
Ep = 0. 0004787, E, = 0.007854, Ep =b-0008156 


Compeane are abere rosuth. Ay Cree bbe) or Proklen 16.24 


CL) ata Crrdd-over Cyckea N=Nc, & = Ce Tours 
Ne = I, 272 Cyebee . at 478), 
Dhow, by Ege. 6) ared(b), the tte! Chiain, onurpliticde of 
N=Ne 4a & = 0.003547. thie pote bes hetirer,_ It, 
proba of Ey for N= 107 dnd N= (05, ta ih dbouth 
© Fr & =0-01, Ey @yiclhe N =992 Gch =< 1000 tyehy. 
Ahirne obtained ir Prpllw ib. 4 - 


R= 708 Ro=00, 20 


-/ 


= CL00IS|S mm 


-2(4 tlh t fh tie - -/ 
A WR, R) rlCpe hak ° = B79 * = 0,00 1136 mm 


B _ 0,00IF15 _ 
A > 3. d0rte = +733 


2(1-V2) _ 2(1- 0.29") _ 3 


From Fig. (7-10 , Cyt 20.8%, Co = 9.67, (r= 0.23, and C,= 0.2, 


b=C,VPA =0.84 Vilb, 0000003454) = 6.08 mm; a= 208 124 mm 


. 7.24 | 6. _ 6.08 
C= 6087 "4; KR agorssy = 1709 Mla 


Omay =~ Co R= -269(1760) =~ 1215 (Pe 
fmay = Crk: 0.231760) = YosMka 


Sim 8 


loct = Ca = 0.21 (1760) - 370 Mfa 


; an 124) 
For e=1.19, Fig, 8 gives 2° s0.23. 2g = SEER: ue te 


At yield, Cay = $= 990 Mf and fied ve - 1413 MPa 


b= 19/300, ad SH) = 6.61 mm = GVIFPA = 9,90 WTS IOT 79 5¢) 


6.6) / _ 
sad OE (10,000 (0,003 454) = 128 


For BA = 1.333, Fig, L710. gives Cg 72k 


. P AtB - 2.2(10, 000) (0.00 1136+0. 001515) 
$2 C5 ae oe = ee ROT = Olle 


Baas URS Yio 0.010 mm”. B/A= 1004 Cy =0.90 
aa-VI_ __at-0,e29°) =0,000458 my ; 6-G,9PA 


A=zr BF ~ 26 010)(200, 000) 
o 0 0, _ _ ° - . ~ 
90 P (0.000 953) = ISIVP 5 G2 0.64; (=20.2/, (20.19 


00008 
3 
Tray =- Gy & = -O.69 (ISIVP =-919P MFa 
Cmay = Cc = 0.2! (1s) VP = 3205 14 Fa 


CG, & - o19SIIP = en]P MA 


Cact (max) = 


B=A=(/eR = I/etog = 0.005 mm; BA =100, Cp=0.90 


_ 2-V7)___ai-0.297) Bye Loans 
FER WE = Zoos aageay © 9.90006 mn IW ; b= Ce\/Pb 


b . 0.90VPCROOFE) - ge y3 eae 
A-  C0009/6 =959VP MPa ; G=067; Cr=0.2l; C2 O19 


Tinay > - Gp &=-0.64 (95. OF =~ 6I0P he 
Umay= cr2 = 0.2195. 4)\P z 20/B M fa 
= 3 3 

Cet (ma)= GR = 01NG59VP = 9PM 


17.5 -n-lf/L_t\eb 1 \o amit 6B. . - 
B= A=3(R- my) 2a aa3)= 0.0028 3 B= 100; (20.90 


—t. 2d-v9 _ __afi-o0.27%) wy. p_-d 
"A+B EF = Za seeaierwaag 7 2901832 mmiM 3 b=GN PA 


0.90\/P(0001832) — go IE MPa; G=ObY; Cp2021; GqzOl? 


A= 

b. 

A” 0.001832 

Tmax = ~ =- GF = ~0.64(60.WP =-38.57P MP 
3 

Cmay = (ce: 0.2 (60/P = 12.6VP Me 


| 


loct(may)* Ge = Of 960NB 


7:6} Ler R= RR, 2°; Rz=l00 mn; R= 30M ; a= 


B.O.0Kb) _ 
Bs ak = 59g 2 9.01867 min gp f= 2% = 509° = 0.0050 rn); = pgorD 73 


__ ft. av?) _ 2(1- 0.27") _ 
A: “HeB E * 00500400) 41) (C00, 000 =0,000 4227 mm Ii + Cs 0,63 
b=C, VPA = 0.63 V¥500 (0.000 4227) = 0.781 mm 


6. 0,781 7 ; . 7 . - 
A “Bo00vee7 7 {38%8 MPa ; C= 0.86, (r= 9.28 5 G5= 0.66 


Imay =~ of = - 0.86 (1898) = -1S87_ Nfa 


Cmay = Co = Oe l|e8)= S17 11Pe 


Zs = €y,6 > 0.66 (0.781) = O.S1S_ min 


) R= 30 mm , Fs =/00, ancl oes 


Let Ri=R ,+¢0 
=4(33 * 0! +4 Vireo) ‘Glia sine E =0,021906 mn7 
Aq-g ror) jo aa) )°—¥ (Ly) sine =0,000 26) mn 


_B _ 0.021406 _ ; ; Lo ; ; 


2 AV? | 20)-0.292 - oy anti 
AtB EE ~ (0.02/40640.00026/K200,000) -0,000923 mnt 


A 
A 

3 
b = Cy PA =0.305 V¥500 G0 VED) = 03780 mm ; B= Sone = 89 Mp, 
Tin 


ar = ~Cr f= -/00(8 44) =~ 804 Pe 


Nh 


Cmay = Cr# = 0.30 (87y)= £68 Ma 
2,2 Cas & = 0,90 (0.3780]= 0.302 aM 
H28 5 R.=Smm; Ris oe; Re= Rz = 4000 mm} =O 
HR)? HE a= 00105 me 
A-ae = a70my > 0.000 1é5; Be qanores® 801 j Co: 0.20; G2l.00 


_ 1 fleve bee [-0.20° . I-0,29 ami 
A= agl EE, lomo + foes |: gov01e75 mm*/ 


Omay =~/400 ad =~ 1008 | 
3 

b: ee = (¥00 (0.000125) =0,/195-mm = Ch VPA = 0.20" P (0.000 1275) 

P=5.58 kN 


aL + -lt.i2l4-.- | -l. ~~ -/ 
B+)" B,* 32 Aozjasmms A rt = Say = 0.96500 mm 
0.03/25 | . 
“Soe500 = C55 hz 0.83 5 G+ 0.67 


B 

A 

= te 20 | 2(i-0.29°) 
O° Ae E © 09/25 10.0250 200,000) ~ = 0.0001628 mm /N 
Im 


pb - = 4 c¢(o.43) (PLDT 192, 1B Mf 


= VPE 
ax == Op R2- GG e- 00001628 


0) Imax = - 2758 =~/92,/VP 


P=2.76 kN 


ie Ti a tpahig Me Doe -/ 
B= 3R 5 reg + 2.9306 my Azalst pi)? git yer OOres mm 
Be. 0.9 3906 . 
A Go oRes = 1255 K2083 2C—5 G= 0.67 
PUB) on BOE) Re HN 


4-778 EF (0.03906 + 2.03125)(200, 7900) 

In Problem 17-4 5 Snay,= 72758 Mfa and ellipse of contact 
has the same shape as that fer FAIS problem except rhat 
the major avs of the eClhiose 15 perpendicular to that 
tor this problem, For this problem C= Egg 120. ror 
Problem 17.9 @€2k=0.83. Since 2l5,= 2Gey Fig. 14-6.6 91 Ves 


@ 2 lo =e lope =. 950 Imax | =, YOS Umay 2 


0.450 2758) ou a VPA 
Imax 2 a5 405 —~ 3064 SIR = Cr = Co (bh 
3 
_ £2064 (0.00019 93) / . 
OP = OS | axadrsas eee CIN 


Sr fiend los ae Sf 
B-A=3sR 23 s7pg 20.020 mm 


£=100 ; 20.90; G+0.19 | 
a: te [Lt ase + 3B ]= 0000239 mn 
loct (max) = ar: 8) =212.1 MPa = a : ig 
g =[zuiaewereroy? 543 N 
Ae BY? ; B : 
QP = sp =tse L965 Far F=100, Cs= 2.30 


b)b < CNVPR - o, 40 WIG (0.000 4234) = 0.393 N 


b _ 0,393 2 
A 0,000 9239 ~ 727 0 MFa 


§2=G= ie) = 2,30 He ( 20.020!) <0 0962 mm 


a vp 7» pe B. elo . 
Go 7 20250 mM 7 Ad, Tio, C= O 3 Fay 20.50 


A 
2(I- ya). yolelli-o. 24 2) ep 
Ee = Bo0,500 =? 0003669 mm IN 5 = ; 


EB (ZP.0.0003664) - 9 99 342 UP ; 3. 20032" 953/P Mf 
-£ = -9 393VP MPa 
lmay = 0.308 = 0,30(233VP) = 2.80VP Mh 
Cactdmox) 0.27 & = 0,27(9330P) = 2s2/P_ Mla 


T, = Sih Pmar - 0.25(4330F)= 2. 33VP MPa 


i Onay 2~1380=-9.33VP , P=(B8S *z 21.88 KW 


- 21.38 _ 
= SES 8.75 KN 


(2 Fee _ 2(8T50)(0.000 3664) _ 2 
= DOT = 3199 mm 


a. "alee _ be 
- Goeescey 7 87% Me; Omay =~ A = 7872 Mfe 


= = 2p sce - ae ”) - 0.00806 mm/N 


2 PLA /2(110 , 000N(0.006 00) . é 2.38 - 
b= — [20110 , 200)(0.008 Ht e010. 238MM 5 Re Soa = CIS MM Pa 


Omay = 7 £ =- 295.3 Pas Thay =? 302 = 0,30(295.3) = 89.6 MPa 


b) Ar yield Tray =H: 4YY4YO M fa =0.30 2} & = [467 MF 


b-1467(0.00 806) = 11 ¢2mm = eke 
1.82 (100TT) _ 
R= 20,90 806) = @. 72 (IN 
_ Re 2,720, 000 
SF: = “7G, 000 = e007 C48 


z(L rap) eal rg) zones 


4 ave) | 2(1- 0.292) _ 
A= E ~ G1l67(200,000) * = 0.0000 795: rim] 
IPA 


}. ; - 
Tmay = -1000=- & 3 6 =1000( 0.0000 765) = 0.0785 mm =F Far 


p= 200.0000 78S) ~ Les kh 


J7IT) From Table 
b 
loct(may) = 9.368 pn. 


acy" go(eli- 0.292) _ ee 
Az:k>— = 05, 000 0.0003664 mm7/N 


FN _ (280, 000) 0,000 2664) _ Oe MOE, 
b= Seg eT OE A “G000 sae = 62b6/NR 
Omay = eee = ~/34&8 fa 


17.1) Omay SUMO ee ee O.495%, and 


Unay = 09IS(G6Z6)= 419 M Pe 


Coct (max) > O36 9(FE2.6, = 35¢ Me 


(a) b = [SES - (PPG 2603 669 - 0,001247 P mm 
L 2 6 
$< SREP 910,18 Mia; Grae sto $5 -100r0P 
ps 1520)“. [974 KN 


3,403 


Ory = Fy Ch O.S 
b) Umax (2/9) - Flange Cmax(g20) _ - 4-2 0,746 
(2) may (g=0) Range Cmax (B= {/3) OIE 7 


Tnay (p= yf) = 0.746 E1500) = ~ 11/9 ha =-l 40 a 2 - 140(3,403P) 


_ fPNNG NE 
Ce pugs =25.2 KN 


QO. 


om 


OCs 


°O =F GET +/2EILc,=PL (2) 


SOLVING (a) ¢ (4): 


ic) NO SIMPLIFICATION POSSIBLE 


ae: @ x0, V=o 


3 
Cox? + C3X 


V(x) = 


b) U- 3 f (v')" obs Sve Se) 
ete) Harel, 


mee pe 


S2ELaL 
i @ ee 


i) U= = EE (* 5 


2 EL b 7? 
Us 7s 


aa a= 
(éé) “= 4(cZ + GC,0,% + IC; x*) x 


(cos* 2s) dx 


ad 


2 = 
i) W=26Tal- Pa, L* 


c) 


iii) T= 26L (gh + 8 Gal +332) 


ates [?+C3 i) 


oT 
ye, 70 4ETc, +CEILC,=PL (a) 


Te gett (BE)~ en'( $5) 


hal oe 


T= — Bet 


ii) v(x) = a2Pe (/-cos 
32PL° 


V(L)= Era 
EI Te (eee) . 
69L7\ ELT? 


TT= - ie oa 


ee a 


WX 
24 


32PL> 
Eltr* 
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e) Fuwetion ¢éé ts EXACT 
ANOS HAS Minimam 
POTEXTIAL EWERGY. 
FONCTION /S AK BETTER 
APPROXIMATION THAW © 
AS SEEX BY COMPARING 
TIP PISPLACEMENTS AND 
TOTAL POTEYTIALS. 
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TS Og, ae om 
b) U(os)=0.25 ; #2 (0.8,/) = O.25 : (05,1) = OS 
c) Paya 7 fa(2\) PME 5h, a le (2)(25) = CS, Apzs * A Ap, a> Aeyg =O 


Apz3 - _ Area _ = e 
N, (0.551) = “5 20.25, M2 (0,5, /) = A =O.RS , Hy = Ati 2 On8 
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b) Use SHAPE FUNCTIOMS GIVEN BY FQ, (79. 5), Swee Ree! Soy 2O4 


x = ALX+ A3&X3 A(3+3+ +57), SWce Y 


fl 


y= VaR +MY, W(ar4+3e+5). 


c) Ke . 4, (3+) Kee = Ly (1+) 
Kn 2 ty (+ 8) 


‘PW NATURAL COORDIMATES , Gps = 2(2z) = 94 


(NM PHYSICAL COORD/NVATES : Agy = 2(2) - 2 (Le) 2(/) =o: 


=O £4, =O 5 


Use Ee, (/7.87) To FiwD [8] wiry suape cuwctims from Fe. (/9. S/), 
Se aCNer) , AB = 400), 3 322 Gur), FE 2400+) 
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(¢,]- 0 oh) + tem) | 2 | 0 A 
eK) + tan) 2A DCAL Lt te 


SAMPLING Pot LOCATIONS § WEIGHTS TAKEN FI2OM FIG /9./O, F$ ORECTOW OF7L ¥. 


a) Exacr: Iz (%x'- x4 7ex*-2)| = % 3 d-Powr: T= 2(-2)2-4 (40% eremoe) 
2-pomsr: I =! (6( F)?) )-4(By 3( 48) -2) 
t1(6( #)*)- +( 8)"; 3(9)-2) = -2%5 (exact) 
3 -PoiwT: T= Y4 (6 (-¥e)* ~ 4(-Je")* + s(-ye)-2) + % (-2) 
+9 (6(42)*- +( 4Z)*4 3(Ve) -2) = 7% (axacr) 


f 
b) Exact: I= sinht/ = 2.350402 L d-fewr: L220) 220 (15% error) 
ar — ———————————E——— 


a-Powwrt T= 1(1171.399) + (1171399) = 2.392296 (0.33% error) 


3-powr: Le % (135303) + %(1) + Yo(1, 315303) = 2.350337 (0.003% Error) 


/ 
c) EXACT: r= 2*[, = 2350702 - 1L-Romr: T=2(0)220 (isZ error) 


2-Powr: T= 1 (0.861 374) T (1.781312) = 2.392696 (0. 33% ERROR) 


3- pPojwt: T= (0. 460990) t %C)+ Vo (2.169 77) = 2.350337 (0.003 % Error) 


SAMPLING PomwT LOCATIONS £ WEIGHTS TAKEM FRO Fie, 


a) ExacrT: l= (sve s/) (si i) = 2.E3BBRPY 
sf 


(-powt: T=(2)(—QYND = 4.0 CW, ERROR) 


491, 


Z-Pomt: T= 4f(\i)(o83792)* | = 2.80°386 (084% ERROR) 


3-powT: I> 4[(%J(o. 114703) J + 4 (%)(% (0.719703) ) ] + (%)(’) 


[= 0.6306/F + 14//757 + 0.790123 = 2.932500 (0.007% arr 


b) Exacr. TT =[(% bie y 525) ] (sen [") 2 (6.595 35/) (1692992): 0, WIIG Y 
|-powp: T = (2)(2)(0)(/) = © 


Z2-PowwT: T= 4[C)0) (0.297907) (2 7379/2) { = O0,998VEP (9.9% ERROR) 


3-Powt: T= 4{(%)"(0499199) (2.14763)] + 2(%)(%)(o) 714703) | 
+ 2[ (7%) (0.489199) () ] + (%)*(0)(1) 
Ec = 0, 931644 4FO4F049939/60 40 =O.P9IVPOY (0.33% ERROR) 
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